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Mt  dear  Ltell, 

When  the  First  Edition  of  this  Work  saw  the 
light,  now  seven-and-thirty  years  ago,  I  had  the  honour 
of  being  your  Colleague  in  the  Secretaryship  of  the  Geo- 
logical Society. 

At  that  time  you  expressed  a  warmer  interest  in,  and 
more  agreement  with,  the  views  it  contained  than  they 
met  with  from  the  bulk  of  oiir  Associates.  It  was  an 
attempt  to  investigate  one  important  class  of  the  Agencies 
of  Change  now  in  operation  on  the  earth's  siu'face,  and 
to  trace  their  analogy,  or  rather  identity,  with  those 
which  have  apparently  prevailed  through  earlier  geolo- 
gical periods — a  portion,  in  fact,  of  the  great  task  at 
which  you  have  so  long  laboured,  as  respects  the  entire 
range  of  terrestrial  phenomena,  with  an  originality,  per- 
sistence, and  success  that  have  placed  you,  by  common 
consent,  at  the  head  of  the  followers  of  the  Science. 


IV  DEDICATION. 

I  was  led  into  other  paths  for  a  time ;  and  was,  per- 
haps, only  induced  to  recur  to  the  studies  which  we 
commenced  together  so  long  ago,  by  a  wish  to  aid  you 
in  dispelling  that  signal  delusion,  as  to  the  mode  of  action 
of  the  subtelluric  forces,  with  which  the  Elevation-crater 
theory  had,  during  the  intervening  period,  mystified  the 
Geological  world.  Once  re-embarked  in  these  specula- 
tions, I  found  (or  thought  I  found)  a  want  existing  of 
some  general  treatise  on  Volcanic  action  of  the  character 
of  my  former  work — long  since  out  of  print,  and  in  some 
respects  out  of  date.  And  thus  originated  the  present 
(I  hope  improved)  Edition. 

In  asking  permission  to  inscribe  your  name  upon  its 
first  leaf,  I  by  no  means  propose  to  claim  you  as  sponsor 
for  the  opinions  it  contains  (which  must  rest,  of  course, 
upon  their  own  merits),  but  only  to  be  allowed  to  record 
my  admiration  of  the  perseverance  with  which  you  have 
80  long  devoted  your  high  powers  to  investigating,  and 
giving  to  the  public  in  a  popular  form,  the  great  truths 
of  our  favourite  branch  of  Natural  Philosophy. 

I  remain,  dear  Sir  Charles, 
Yours  very  sincerely, 

G.  POULETT  SCROPE. 

1  Prince's  Gate,  London, 
March  10th,  1862. 
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uniformity  of  volcanic  action 470 
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ON    VOLCANO  S, 


CHAPTER  I. 
INTRODUCTORY. 

If  the  bosmess  of  Geology  is  the  study  of  the  structure  of  the 
aooessible  portion  of  the  Earthy  and  of  the  changes  it  has 
undergone^  there  can  be  no  more  important  branch  of  the 
science  than  that  which  examines  the  nature  and  mode  of 
operation  of  the  subterranean  forces  which  have  eveiywhere 
more  or  less  broken  up^  disturbed^  and  altered  the  level  of 
the  superficial  rocks^  modified  their  internal  texture  and  com- 
position^  and  brought  firesh  material  upon  or  towards  the 
exterior  of  the  globe. 

The  manifestations  of  these  forces^  observable  in  our  own 
days,  are  usually  distinguished  as  the  phenomena  of  Earth- 
quakes and  Volcanos.  The  first  are  to  outward  apprehension 
purely  dynamical^  consisting  in  sudden  and  transient  shocks 
and  wave-like  vibrations  of  extensive  superficial  areas^  attended 
by  fracture^  disturbance^  and  often  permanent  changes  of  level 
in  their  component  rocks.  The  latter  are  characterized  by 
'Eruptions^;  i.e.  the  forcible  expulsion  of  heated  matters^ 
gaseous^  fluids  or  solid  (usually  of  all  three  together)^  from  the 
interior  of  the  earth  upon  its  surface — these  phenomena  being 
very  generally  accompanied  or  preceded  by  earthquakes  of  a 
minor  and  local  character. 
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The  distinction  here  drawn  is  to  be  recognized  likewise  in 
the  traces  of  subterranean  action  in  past  times.  We  see 
regions^  usually  more  or  less  superficially  broken^  composed 
throughout  of  scorise^  ash^  tufi^^  or  lava-rock  so  closely  re- 
sembling in  mineral  character  as  well  as  in  general  aspect  and 
disposition  the  products  of  recent  volcanic  eruptions,  that  we 
do  not  hesitate  to  class  them  as  volcanic  formations.  On  the 
other  hand,  we  find  numerous  other  rocks,  of  every  variety 
of  character,  stratified  and  unstratified,  but  especially  the 
former — ^which  we  know  from  unquestionable  evidence  to  have 
been  deposited  by  water  in  nearly  horizontal  beds — exhibiting 
signs  of  displacement  subsequent  to  their  formation,  attended 
by  fracture,  folding,  elevation,  or  subsidence, — these  changes 
of  position  seeming  to  have  been  always  accompanied  by  the 
intrusion  of  masses  of  crystalline  matter  forced  up  from  below 
through  or  among  the  strata,  at  a  high  temperature  and  in  a 
condition  of  imperfect  liquefaction,  but  yet  not  so  as  to  reach 
in  that  condition  the  outer  atmosphere.  And  these  dynamical 
results,  as  corresponding  to  the  observed  phenomena  of  earth- 
quakes unaccompanied  by  outward  eruption,  we  distinguish 
from  the  efiects  of  ^  Volcanic,'  as  those  of  '  Plutonic '  action, 
since  they  seem  to  proceed  from  greater  depths,  and  therefore 
bear  some  analogy  to  the  powers  attributed  in  the  fabulous 
mythology  of  antiquity  to  the  infernal  Earth-shaking  sovereign, 
'  Ennosigasus.' 

Few  or  no  geologists  fail  to  recognize  this  broad  distinction 
in  fact,  although  all  may  not  employ  the  same  phraseology  to 
denote  it.  M.  de  Humboldt  bases  upon  it  the  entire  classifica- 
tion of  what  he  calls  the  Telluric  portion  of  his  great  work*. 
Mr.  Darwin  expresses  it  most  succinctly,  perhaps,  when  he 
says,  "  I  believe  that  a  mountain  axis  difiers  from  a  volcano 
only  in  plutonic  rocks  having  been  injected  instead  of  volcanic 
rocks  having  been  ejected  f.*'     Mr.  Mallet  looks  on  an  earth- 

*  Kosmos,  iv.  1.  p.  163  et  seq.  (Sabine^s  translation), 
t  Darwin,  Volcanic  Islands,  p.  129. 
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quake  in  a  non-yolcanic  region  as  ''an  uncompleted  effort  to 
establish  a  volcano/' 

How  far  this  distinction  is  justifiable — ^whether  these  two 
kinds  of  subterranean  action  are  only^  as  seems  most  probable^ 
modifications  of  the  same  force^  but  acting  firom  different 
depths^  or  under  different  circumstances — whether  the  volcanic 
is  only  the  outward  development  of  internal  plutonic  action 
— whether,  and  to  what  extent,  the  two  are  sometimes,  or,  it 
may  be,  generally,  combined — ^in  short,  what  are  the  laws,  or 
modes  of  operation,  of  each,  and  their  mutual  relations — these 
are  evidently  questions  of  the  highest  geological  importance. 
The  study  of  these  laws,  and  the  acquisition  of  correct  views 
respecting  them,  are  an  absolutely  indispensable  preliminary 
to  any  real  knowledge  of  the  true  history  of  our  planet's 
surface. 

Of  the  two  classes  of  phenomena,  one — that  of  Seismic,  or 
Earthquake  movements — has  recently  been  treated  with  signal 
ability  by  Mr.  Robert  Mallet,  in  his  four  Reports  to  the  British 
Association  for  the  Advancement  of  Science, — a  work  in  which 
all  the  known  facts  respecting  such  phenomena  are  brought 
together,  reviewed,  and  reasoned  upon  in  a  spirit  of  sound 
philosophical  inquiry  which  leaves  little  more  to  be  done  in 
that  direction  in  the  present  state  of  our  knowledge  and  infor- 
mation.   Further  progress  is  rather  to  be  looked  for  in  the  light 
that  may  be  reflected  upon  the  subject  from  a  more  thorough 
examination  of  the  other  and  kindred  class  of  phenomena — 
those,  namely,  of  volcanic   action — than   has  been  hitherto 
prosecuted,  notwithstanding  that  these  phenomena  are,  from 
their  constancy  to  particular  localities,  the   most  open  to 
observation  and  scientific  examination,  and  therefore  likely 
to  prove  the  most  fertile  and  reliable  source  of  accurate  in- 
formation as  to  the  true  character  of  Subterrestrial  Dynamics. 
To  this  end  I  devoted,  many  years  since,  very  considerable 
attention,  and  published  the  results  in  more  than  one  form 
between  the  years  1824  and  1829.     In  the  volume  on  "  Vol- 

b2 
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canos*/'  I  introduced  some  speculations  upon  the  presumed 
early   condition  of  the  globe^  which  were  then^  and  might 
perhaps  even  at  present  be  considered  premature^  and  un- 
warranted by  our  existing  information.     But^  in  the  strictly 
volcanic  portion  of  that  work^   I  believe  the  views  taken 
respecting  the  normal  laws  of  volcanic  action  to  have  been 
sound  and  incontrovertible.     With  regard  to  them,  therefore, 
I  have  no  alterations  of  moment  to  introduce  in  the  present 
edition.     They  have  the  advantage  of  being  simple,  and  yet 
perfectly  capable,  I  believe,  of  accounting  for  all  the  recorded 
phenomena  of  volcanic  formations,  whether  of  ancient  or  of 
modem  date ;  for  I  wholly  disagree  with  the  opinion  expressed 
by  Humboldt  that  such  phenomena  are  ^'  isolated,  variable,  and 
obscuref.*'     I  made,  indeed,  no  pretence  of  discovery ;  for  I 
only  reproduced  in  substance  the  opinions  which  had  been 
always  held  upon  this  subject  by  the  most  trustworthy  obser- 
vers, such  as  Spallanzani,  Dolomieu,  Sir  William  Hamilton,  and 
Brieslak,  who  had  made  this  department  of  the  science  their 
special  study,  and  relied  for  evidence  of  their  truth  on  the  re- 
corded descriptions  of  volcanic  eruptions  and  volcanic  products 
in  every  part  of  the  world,  no  less  than  on  my  own  observations. 
These  views  have  been,  however,  disputed  by  geologists  of 
great  repute,   chiefly,   but  not  solely,   of  the  Continental 
schools,  and  a  theory  of  volcanic  action  promulgated,  with  a 
parade  of  mathematical  formulae,  which   almost  ignores  its 
eruptive  character  altogether,  attributing  the  production  of 
volcanic  mountains,  not  to  the  accumulation  of  erupted  mat- 
ters, but  to  the  elevation  in  mass  of  previously  horizontal 
beds  in  the  shape  of  hollow  blisters,  each  blown  up  by  the 
sudden  expansion  of  a  bubble  of  aeriform  matter  beneath.     In 
another  publication  J  I  have  shown — I  venture  to  think  con- 

*  Considerations  on  Volcanos.    1825.  f  Kosmos,  iv.  p.  90. 

X  "  Memoir  on  the  Mode  of  Production  of  Volcanic  Cones  and  Craters," 
Quarterly  Journal  of  the  Geological  Society,  Nov.  1869.  Translation  of 
the  same  into  French,  printed  at  Paris,  1860. 
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clonvely — that  thia  hTpotheais  is  tmwarranted  by  any  facts  or 
relatioiiB  of  obeerved  volcanic  pheDomena,  and  not  required 
by  anything  in  the  composition  or  structure  of  any  Tolcanic 
mountain, — that  it  rests,  indeed,  on  wholly  untenable  and  un- 
philoeophical  assumptions.  Beyond  this  reference  to  that 
theory  and  its  refutation,  I  do  not,  therefore,  intend  to  ad- 
vert to  it  farther,  believing  that  it  is  now  all  but  universally 
discredited.  Its  long  prevalence,  however,  through  the  in- 
fluence of  the  great  names  connected  with  it,  may  account  for 
the  general  absence  among  geolc^ts  of  clear  and  decided 
views  as  to  the  true  laws  of  volcanic  action,  and  for  the  want 
(as  it  appears  to  me,  existing  at  the  present  time)  of  some  such 
treatise  on  the  subject  as  I  propose  now  to  attempt  to  supply, 
varying  somewhat  in  form,  but  very  little  in  substance,  from 
that  contained  in  my  earlier  volume  of  1825-6. 


^le  Peak  of  TeneriSb  (the  mtramit  corend  with  jdow),  from  the  mu^n  of  the 
cnctTcling  OiMt-Crater  waiL    The  intormodiata  tract  covered  with  Uto. 
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CHAPTER  II. 

GENERfVL  VIEW  OF  VOLCANIC  ACTION. 

§  1.  Volcanic  action^  as  has  been  already  said^  exhibits  itself 
chiefly  in  the  eruption  or  exhalation  of  heated  matter  in  a 
solid^  semi-liquid;  or  gaseous  state,  from  openings  in  the 
superficial  rocks  that  compose  the  crust  of  the  globe.  These 
eruptions  usually  take  place  with  much  violence.  Occasion- 
ally, however,  comparatively  tranquil  emanations  occur  of 
vapour  or  heated  water,  containing  more  or  less  of  mineral 
matters,  as  in  the  well-known  instances  of  hot-springs,  and 
the  so-called  '  Solfataras '  and  *  Suffioni.'  But  it  is  generally 
to  be  suspected,  as  will  be  shown  hereafter,  that  such  placid 
exhalations  are  confined  to  points  which  have  been  previously 
in  active  and  violent  eruption,  or  are  in  communication 
through  fissures  with  some  subterranean  mass  of  heated  vol- 
canic rock. 

§  2.  A  volcanic  eruption — whether  from  a  fresh  point  of 
the  earth's  surface,  or  from  a  site  previously  productive  of 
similar  matter,  but  for  some  time  quiescent — is  usually  pre- 
ceded by  earthquakes.  These,  however,  are  generally  of  a 
minor  and  local  character.  The  great  paroxysmal  earth- 
quakes, which  calamitously  affect  extensive  areas,  do  not,  in 
the  majority  of  instances,  appear  to  be  connected,  as  to  the 
time  of  their  development,  with  eruptive  activity  in  any  neigh- 
bouring volcano.  Humboldt  remarks  in  proof  of  this,  that 
'^  during  the  great  catastrophal  earthquake  of  Biobamba  in 
the  year  1797,  the  neighbouring  volcanos  of  Tunguragua  and 
Cotopaxi  remained  quite  tranquil ;  and  inversely,  volcanos 
have  been  subject  to  great  and  long-continued  eruptions  with- 
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out   any  esurthquake  being  sensibly  felt  in  the  surrounding 
country*." 

Mr.  David  Forbes,  in  his  recent  account  of  the  Greology  of 
Bolivia,  says  that  ^^  the  firequent  volcanic  eruptions  breaking 
out  in  the  district  of  Titiaca  in  no  way  disturb  the  adjoining 
main  chain  of  the  Silurian  Andes,"  while,  on  the  other  hand, 
'^  this  volcanic  district  is  exempt  from  the  earthquakes  which 
are  so  prevalent  and  destructive  in  the  neighbouring  regions  f.^' 

Mr.  Darwin  remarks  of  the  great  earthquakes  of  South 
America  of  1835,  that  ^^  at  the  instant  of  time  when  an  im^^ 
mense  area  was  convulsed  and  a  large  tract  elevated,  the 
districts  surrounding  several  of  the  great  volcanic  vents  of  the 
Cordillera  remained  quiescent."  After  the  cessation  of  the 
earthquakes  the  eruptions  recommenced  with  increased  vio- 
lence. 

Examples,  however,  are  not  wanting  of  the  coincidence  of 
eruptions  from  neighbouring  volcanos  with  extraordinary 
seismic  convulsions.  An  earthquake  felt  on  the  coast  of 
Caraccas,  in  1821,  was  simultaneous  with  the  outburst  of  an 
eruption  fix)m  the  island  of  St.  Vincent  J.  "In  the  great 
Chilian  earthquake  of  1826,  at  the  moment  the  shock  was 
felt  at  Valdivia,  two  volcanos  near  it  burst  into  eruption  for 
a  few  seconds,  and  then  again  became  quiescent §.  At  Con- 
ception, eruptions  are  said  to  have  broken  out  from  beneath 
the  sea  at  the  same  time.  The  melting  of  the  chain-cable  of 
the  'Volage'  man-of-war,  at  anchor,  during  an  earthquake  oflF 
the  coast  of  South  America  may  be  adduced  as  another  in- 
stance ||."  Still  more  frequently  do  we  hear  of  earthquakes 
having  at  once  ceased  on  the  opening  up  of  volcanic  vents 
more  or  less  distant — or,  contrariwise,  of  regions  in  which 
volcanos  were  once  active,  but  are  now  dormant,  being  ha- 
bitually afflicted  by  violent  earthquakes, — facts  strongly  con- 

•  Kosmos,  voL  iv.  pt.  1.  p.  180.  t  Geol.  Proc.  1860,  p.  61. 

I  Humboldt,  Kosmos,  p.  465. 

§  M.  Place,  Quart.  Journ.G.S.  vol.  xvii.         ||  Mallet,  Report,  1850,  p.  25. 
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firmatory  of  the  prevalent  and  very  reasonable  Bup]((oeition  that 
volcanoB  act  in  a  manner  as  safety- valves  for  the  escape  of  that 
excess  of  subterranean  heat^  which^  by  an  expansive  influence 
on  portions  of  matter  beneath  the  earth^s  surface^  is  probably 
the  chief  cause  of  its  spasmodic  convulsions*. 

In  fact^  there  can  be  no  doubt  of  the  intimate  relation 
between  the  two  classes  of  phenomena.  A  glance  at  the  map 
appended  to  this  volume  (and  which  is  founded  on  that  of  Mr. 
Mallet)  makes  it  abundantly  clear  that  both  have  developed 
themselves^  within  recent  times  at  leasts  mainly  along  the  very 
same  linear  bands^  or  about  the  same  seemingly  insulated 
spots  upon  the  surface  of  the  globe.  Mr.  Mallet  sums  up  the 
proofe  of  their  local  connexion  by  the  assertion  that  ^^  Seismic 
energy  is  greater  or  more  firequent  as  the  great  lines  of 
volcanic  activity  are  approached.*'  Nevertheless  it  is  certain 
that  the  paroxysmal  earthquakes — ^those  tremendous  shocks 
and  violent  undulatory  vibrations  of  the  solid  surface  of  the 
globe^  which  produce  the  greatest  destruction^  and  are  propa- 
gated over  wide  areas  with  extraordinary  rapidity — are  rarely, 
if  ever,  coincident  as  to  time,  nor,  unless  viewed  on  the  largest 
scale,  as  to  the  position  of  the  locality  they  affect,  with  any 
volcanic,  that  is  to  say,  eruptive  action.  The  island  of  Ice- 
land is  nothing  else  than  a  vast  volcanic  moimtain  rearing 
itself  from  the  depths  of  the  ocean,  and  has  been  very  fre- 
quently in  violent  eruption  from  some  of  its  mouths  within  the 
historic  period.  But,  as  Mr.  MaUct  observes,  ^^  its  seismic 
commotions  are  a  purely  local  phenomenon,  the  shocks 
being  only  of  moderate  intensity ;  and  the  whole  island  is 
rarely  simultaneously  shaken.'*  On  the  other  hand,  the 
Himalayas  and  the  enormous  table-land  of  Central  Asia — 
in  which  it  is  doubtful  whether  any  active  volcano  exists 
— are  very  liable  to  earthquakes  of  fearftil  intensity.  The 
Alps  also  and  the  Pyrenees,  wholly  devoid  of  eruptive  vents, 

•  "  Volcanos  obviate  the  occurrence  of  earthquakes,  acting  as  safety- 
valves." — Humboldt;  Ko8nio8,  iv.  p.  172  (Sabine^s  translation). 
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are  firequently  shaken;  so  also  the  non-volcanic  basin  of  the 
Baltic.     The  valley  of  the  Mississippi  is  very  liable  to  earth- 
quakes, though  £Eur  removed  from  any  volcano.     The  chain 
of  the  Andes,  it  is  true,  which  is  almost  always  in  a  state 
of  commotion,  is   studded  with  volcanos.    But  it  appears, 
from,  the   authority,  already  quoted,  of  Humboldt  and  Mr. 
Forbes,  that  the  latter  do  not  ordinarily  show  any  remarkable 
activity  during  the  occurrence  of  the  most  violent  seismic 
convulsions  of  the  neighbouring  mountains,  and  vice  versd. 
On  the  whole,  then,  it  seems  probable  that,  in  the  words  of 
Mr.  Mallet,  "  both  volcanic  eruptions  and  earthquakes  are 
manifestations  of  a  common  subterranean  force,''  but  acting 
under  different  conditions  of  the  degree  of  energy  developed 
and  of  the  resistances  met  with.     I  believe  myself  that  the 
greater  earthquakes  proceed  fit>m  efforts   of  subterranean 
expansive  force  taking  place  at  too  great  a  depth,  and  under 
too  vast  a  mass  of  overlying  rocky  matter,  to  effect  that  free 
communication  with  the  outer  air  which  is  indispensable  for 
the  development  of  volcanic  phenomena;  and  that  the  local 
and  minor  earthquakes  which  usually  precede  or  accompany 
these  latter,  act  fit>m  less  deeply-seated  points,  and  under  less 
resistances  of  the  upper  crust  of  the  earth,  where  consequently 
channels  of  free  communication  with  the  external  surface  can 
be,  and  are,  created  by  these  efforts.  In  both  cases  convulsive 
throes  in  the  solid  surface  of  the  globe  are  occasioned  by  the 
same  common  cause — the  expansion  (probably  from  increase 
of  temperature) — ^in  some  cases,  perhaps,  the  contraction — 
of  some  subterranean  matter.     The  residt  in  the  case  of  the 
great  earthquakes  is  purely  dynamical,  consisting  of  undula- 
tory  vibrations  transmitted  to  great  distances,  with  fractures 
and  changes  of  level  in  the  overlying  rocks.     In  that  of  the 
minor  shocks  attendant  on  volcanic  phenomena,  these  rocks 
are  so  split  or  opened  at  one  or  more  points — generally  on 
lines  of  previous  disturbance — as  to  permit  an  extravasation 
of  some  of  the  heated  and  liquefied  and  gaseous  matters,  the 
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ezpansioii  of  which  was  the  cause  of  the  rupture.  Hence^ 
as  I  have  said  above,  the  justice  of  the  distinction  between 
Plutonic  and  Volcanic  action.  That  Mr.  Mallet  coincides  in 
this  general  view  may  be  assumed  from  his  describing  an  earth- 
quake as  '^  an  imcompleted  effort  to  establish  a  volcano.^' 

It  will,  however,  be  desirable  to  postpone  further  con- 
sideration of  this  branch  of  my  subject  to  a  later  portion  of 
this  work,  and  imtil  the  character  of  the  volcanic  phenomena 
has  been  described  and  thoroughly  investigated. 

It  will  be  convenient  to  begin  by  a  brief  review  of  the 
distribution  of  the  sites  of  volcanic  energy  upon  the  globe^ 
end  the  description  of  their  ordinary  phenomena. 

§  3.  Although  an  eruption  has  rarely,  if  ever,  been  ob- 
served to  break  out  from  points  of  the  earth's  surface  upon 
which  no  traces  existed  of  previous  volcanic  development, 
every  volcano,  or  habitually  eruptive  vent,  must,  of  course, 
have  commenced  its  activity  at  such  a  point.  Moreover,  in 
many  regions  of  seemingly  extinct  volcanic  action,  for  example, 
in  Central  France,  the  Eifel,  the  island  of  Sardinia,  Asia 
Minor  and  New  Zealand,  Olot  in  Catalonia,  &c.,  numerous 
eruptions  have  evidently  taken  place  at  various  points  of  a 
surface  composed  of  non-volcanic  rocks — granite,  gneiss, 
schists,  or  secondary  and  tertiary  strata. 

The  great  majority  of  recorded  volcanic  eruptions,  however, 
have  burst  from  the  summit  or  side  of  some  mountain  com- 
posed already  of  rocks  of  volcanic  origin,  attesting  the  former 
habitual  or  intermittent  activity  of  the  same  vent. 

The  sites  of  these  volcanic  eruptions  are  not  limited  to 
a  few  particular  geographical  districts.  They  occur,  on  the 
contrary,  either  continually,  or  at-  intervals  of  greater  or  less 
duration,  upon  very  numerous  points,  situated  in  all  quarters 
of  the  globe, — a  fact  leading  to  the  important  inference  that 
the  subterranean  force  (whatever  it  be)  of  which  they  are  the 
external  development,  is,  if  not  imiformly,  yet  very  generally 
distributed  beneath  the  entire  surface  of  our  planet. 
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§  4.  The  known  active  volcanos^  or  habitual  vents  of  vol- 
canic energy^  have  been  reckoned  at  various  numbers,  from 
200  to  upwards  of  400.  Humboldt*^  gives  a  list  of  407 ;  but  of 
these  only  225  are  ''  known  to  have  been  in  activity  in  recent 
times/'  Keith  Johnstone  f  gives  a  catalogue  of  270  active 
volcanos,  of  which  no  less  than  190  occur  in  the  islands  or 
upon  the  shores  of  the  Pacific  Ocean. 

All  such  enumerations  must,  however,  be  considered  as 
approximative  merely,  and  much  below  the  truth.  First, 
because,  while  a  very  large  proportion  of  the  earth's  9ubaerial 
surface  is  still  unknown  or  imperfectly  explored,  it  is  highly 
probable  that  through  that  far  larger  area  which  is  subaqueous 
— ^being  indeed  fully  three-fourths  of  the  whole — ^many  volcanic 
vents  exist  which  have  not  yet  raised  an  eruptive  orifice  visibly 
above  the  sur&ce  of  the  ocean.  Secondly,  because  the  in- 
tervals of  quiescence  which  occur  between  the  eruptions  of  a 
volcano  are  occasionally  of  such  long  duration  that  all  accounts 
of  any  occurrence  of  the  kind  are  liable  to  be  lost  or  forgotten, 
and  the  eruptive  character  of  its  site  consequently  ignored, 
until  a  fresh  outbreak  proclaims  the  continued  activity  of  the 
subterranean  focus^. 

Indeed,  if  we  were  to  reckon  as  volcanos  all  localities  at 
which  eruptions  have  at  one  time  or  other  occurred  within  a 
comparatively  recent  geological  period — for  example,  since  the 
dose  of  the  deposition  of  the  secondary  strata — as  attested 
by  the  mineral  character  and  arrangement  of  the  superficial 
rocks  (and  in  such  spots  the  volcanic  force  may  be  merely 
dormant,  and  liable  to  break  out  anew  at  any  moment,  for 
aught  we  know  to  the  contrary),  the  number  above-men- 
tioned must  be  multiplied  in  a  very  high  ratio. 

*  Eosmoe;  iv.  p.  406  (Sabine's  translation;  1859). 

t  Atlas  of  Physical  Geography.     1859. 

X  Seventeen  centuries  intervened  between  two  consecutive  eruptions 
from  the  volcanic  focus  that  underlies  the  island  of  Ischia,  viz.  from 
380  B.C.  to  1302  A.D. 
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§  5.  In  the  Appendix  will  be  found  a  Catalogue  of  known 
active  volcanos^  framed  from  the  accounts  of  such  phenomena 
reported  by  eye-witnesses  in  different  parts  of  the  globe  within 
the  historical  period.  It  is  illustrated  by  a  Map^  exhibiting 
their  geographical  position.  We  find  them  irr^ularly  scat- 
tered over  the  whole  surface  of  our  planet,  occurring  indif- 
ferently in  all  latitudes,  and  imder  every  meridian ;  sometimes 
detached  singly,  and  at  a  considerable  distance  frt>m  each 
other,  but  generally  either  concentrated  into  dose  groups,  or 
forming  a  connected  linear  chain  or  series ;  in  some  rare  in- 
stances seated  in  the  interior  of  a  continent ;  usually,  how- 
ever, rising  as  insular  mountains  from  the  depths  of  the  ocean, 
or  at  very  little  distance  fr>om  its  borders,  upon  a  maritime 
coast. 

A  reference  to  the  Map  accompanying  the  Catalogue  in 
the  Appendix  will  show  the  existence  of  one  most  remark- 
able linear  range  of  volcanos  which  traverses  bcNii  hemi- 
spheres in  a  great  arched  curve,  commencing  in  '  the  land  of 
fire*  (Tierra  del  Fuego)  at  the  southern  extremity  of  America^ 
running  up  the  entire  western  fringe  of  that  continent  almost 
to  Behring's  Straits,  crossing  the  North  Pacific  through  the 
Aleutian  chain  of  isles,  and  descending  thence  southwardly 
along  the  peninsula  of  Kamtschatka,  Japan,  and  the  Philippine 
Isles,  to  the  Moluccas,  from  which  two  lines  branch  off, — one 
enclosing  Borneo  in  a  sudden  semicircular  sweep  to  the  west 
and  north,  and  continuing  through  Java  and  Sumatra  to  the 
Andaman  Isles  and  into  Burmah,  in  which  last  '  wreath  of 
islands'  Dr.  Junghuhn  reckons  no  less  than  109  lofty  fire- 
emitting  mountains — the  other  threading  Papua,  and  the 
Saloman  and  New  Hebrides  Isles,  to  New  Zealand,  whence 
it  seems  continued  in  Victoria  Land  almost  to  the  South 
Pole. 

It  is  presumable  that  this  extraordinary  lengthened  range 
of  active  volcanic  vents,  which  circumscribes  the  entire  Pacific 
Ocean,  and  almost  bisects  the  globe,  indicates  some  underlying 


SUBAEEIAL  OE  SUBAQUEOUS  VOLCANOS.  13 

great  and  prolonged  fissure  through  its  crust.  But  we  will 
reserve  to  another  opportunity  the  speculations  to  which  this 
idea  may  lead^  and  all  other  considerations  in  reference  to  the 
general  geographical  distribution  of  volcanic  orifices. 

§  6.  Among  the  circumstances  which  must  most  materially 
affect  the  character  of  any  individual  volcanic  eruption  are 
those  which  relate  to  the  situation  of  the  point  on  which  it 
breaks  through  the  solid  crust  of  the  earth ;  and  particularly 
whether  this  point  is  placed  above  or  below  the  surface  of  any 
of  the  great  bodies  of  water  which  cover  so  large  a  portion  of 
our  planet. 

In  the  first  of  these  cases^  the  eruption  takes  place  in  open 
air ;  in  the  second^  in  water ;  and  the  different  density  and 
other  circumstances  of  these  media  must  considerably  modify 
the  nature  of  the  phenomena^  and  the  conduct  and  disposition 
of  the  substances,  whether  gaseous  or  solid,  produced  firom  the 
interior  of  the  earth.  These  different  kinds  of  eruptions  may 
be  called,  the  first  subaSrial,  the  second  subaqueous. 

The  latter  class  of  eruptions,  though  we  have  reason  to 
believe  them  by  no  means  of  rare  occurrence,  can  at  least  be 
but  very  rarely  observed ;  and  their  phenomena,  even  when 
the  attention  of  those  who  chance  to  be  passing  near  the  spot 
is  called  to  them,  can  be  only  partially  and  imperfectly  per- 
ceivable. Shocks,  or  sudden  impulses,  resembling  the  striking 
on  a  rock,  have  been  felt  in  vessels ;  and  extraordinary,  other- 
wise unaccountable,  waves  transmitted  to  the  shores,  which 
are  probably  attributable  to  such  occurrences.  The  sea- water 
in  the  vicinity  has  been  observed  to  be  more  or  less  agitated, 
heated,  and  discoloured,  and  to  be  traversed  by  rising  volumes 
of  gaseous  fluids,  and  sometimes  even  by  jets  of  fragmentary 
matters;  but  it  is  only  when  the  accumulation  of  the  solid 
substances  protruded  fi*om  below  has  at  length  elevated  the 
vent  above  the  water-level,  and  the  phenomena  consequently 
take  place  in  open  air,  that  they  become  more  inmiediately 
liable  to  direct  observation,  and  they  then  enter  into  the  first 
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class  of  eruptions — the  subaerial.    It  is  therefore  to  this  class 
that  we  miist  first  direct  our  attention. 

§  7.  A  rapid  survey  of  the  information  we  possess  on  the 
phenomena  of  the  different  known  yolcanos^  or  habitual  saurccM 
of  volcanic  products  on  the  globe,  leads  to  the  conclusion  that 
there  exists  the  most  complete  irregularity  with  respect  to  the 
periods  and  intensity  of  their  activity. 

Some  volcanos  are  in  a  state  of  incessant  eruption ;  some, 
on  the  contrary,  remain  for  centuries  in  a  condition  of  total 
outward  inertness,  and  return  again  to  the  same  state  of 
apparent  extinction  after  a  single  vivid  eruption  of  short  dura- 
tion ;  while  others  exhibit  an  infinite  variety  of  phases  inter- 
mediate between  the  extremes  of  vivacity  and  sluggishness. 

Every  attempt  that  has  been  hitherto  made  to  connect  tliis 
greater  or  less  activity  with  the  comparative  height  or  bulk  of 
the  volcanic  mountain,  or  its  position  relatively  to  sea  or  land, 
or  the  mineral  character  or  geological  relations  of  the  rocks 
from  which  it  breaks  forth — in  short,  to  discover  any  general 
law  by  which  the  frequency  or  violence  of  its  eruptions  may 
be  determined — has  hitherto  been  unavailing*.  No  doubt 
some  such  law  exists ;  but  it  is  probable  that,  before  its  cha- 
racter can  be  thoroughly  ascertained,  we  must  acquire  a  clearer 
inisight  than  we  at  present  possess,  into  the  nature  of  those 
subterranean  forces  of  which  volcanic  eruptions  are  only  one 
of  the  external  manifestations. 

The  first  step  towards  such  an  inquiry  will  necessarily  be  a 
correct  comprehension  of  the  modus  operandi  or  true  character 
of  those  manifestations.  With  this  end  in  view — and  post- 
poning for  the  present  any  examination  of  the  several  theories 
that  have  been,  or  may  be,  suggested  upon  the  cause  or  origin 

•  M.  Sainte-Claire  Deville,  I  ob&erve,  considers  that  he  has  discovered 
such  a  law ;  but,  as  expressed  by  him,  it  merely  amounts  to  this  that 
when,  or  so  long  as,  lava  in  a  liquid  and  ebullient  state  is  in  contact  with 
the  atmosphere,  it  enters  into  eruption :  which  is  only  saying,  that  when 
a  volcano  is  in  eruption,  it  is  eruptive. — See  '  Comptes  Rendus  '  1866 
p.  435.  '  ' 
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of  the  subterranean  force — it  will  be  conrenient  to  distinguish 
the  various  conditions  exhibited  by  the  different  known  active 
volcanos  into  three  general  phases,  viz. : — 

1.  That  in  which  the  volcano  exists  incessantly  in  outward 
eruption — phase  of  permanent  eruption. 

2.  That  in  which  eruptions,  rarelv  of  any  excessive  violence, 
continue  in  a  comparatively  tranquil  manner  for  a  consider- 
able time,  and  alternate  with  brief  intervals  of  repose — phase 
of  moderate  activity. 

3.  That  in  which  eruptive  paroxysms  of  intense  energy 
alternate  with  lengthened  periods  of  complete  external  iiiert- 

e  of  prolonged  intermittcnccs. 


Ticw  or  Monte  Ifuoro,  in  llie  Ba^  of  Pouuoli :  a  rolcuiic  cone,  490  f«et  high, 
thrown  up  in  throe  dsj-s,  a.d.  1538. — Sec  ArriurDix. 
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CHAPTER  III. 

PHENOMENA  OF  ORDINARY  SUBAERIAL  ERUPTIONS. 

§  1.  Phase  of  permanent  eruption, — The  instances  are  rare 
in  which  a  volcano  remains  permanently  in  eruption.  Those 
best  known  are  Stromboli^  one  of  the  Lipari  Isles^  which  has 
been  incessantly  active  since  the  time  of  Homer  at  least; 
Masaya  and  Amatitlan^  in  the  province  of  Nicaragua ;  Izalco, 
on  the  west  coast  of  Central  America,  which  has  been  in 
eruption  since  1728;  Sangay,  in  South  America,  which  re- 
mains permanently  in  eruption ;  the  Ilha  da  Fuego,  one  of  the 
islands  off  the  Cape  de  Verde,  constantly  active  since  1770. 
Probably  several  of  the  as  yet  little-known  volcanos  of  Su- 
matra, Java,  and  the  other  portions  of  that  great  linear  range 
of  vents  already  mentioned,  which,  traversing  the  Pacific,  em- 
braces the  whole  eastern  coast  of  Asia,  are  also  permanently 
eruptive. 

§  2.  Phase  of  moderate  activity, — But  in  general  the  erup- 
tions of  a  volcano  are  intermittent,  the  intervals  between  each 
varying  firom  months  to  centuries. 

When  the  eruptions  are  constant,  or  very  frequent,  they  are 
usually  of  a  comparatively  placid  character,  as  if  a  permanent 
issue  had  established  itself,  and  acted  as  a  kind  of  safety-valve, 
for  the  outward  discharge  of  the  redundant  caloric  or  heated 
matter  below,  the  accumulation  of  which  would  otherwise  bring 
about  occasional  eruptions  of  far  greater  violence.  In  con- 
formity with  this  supposition,  when  an  eruption  breaks  out 
after  a  long  interval  of  tranquillity,  it  is  usually  violent  in  pro- 
portion. Such  extraordinary  developments  of  volcanic  energy 
may  be  styled  paroxysmal. 
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Eruptions  of  extraordinary  violence  are,  however,  not  unfre- 
quently  preceded  by  a  prolonged  pliase  of  moderate  activity, 
which  apparently  did  not  suffice  to  discharge  the  redundant 
heat  as  fast  as  it  was  transmitted  from  the  inner  depths  of  its 
subterranean  reservoir  or  source.  As  an  example  may  be 
quoted  the  condition  of  Vesuvius  since  the  commencement  of 
the  present  century ;  indeed,  perhaps,  from  the  year  1631, 
when  its  activity  was  renewed  after  a  quiescence  of  a  century 
and  a  half.  Certainly  throughout  the  last  fifty  or  sixty  years 
this  volcano  has  often  continued  in  eruption  for  periods  of 
several  months,  discharging  moderate  jets  of  scoriae,  lapilli, 
and  sand  fit>m  temporary  orifices  at  the  summit  or  flank  of 
the  cone,  or  at  the  bottom  of  its  crater  when  there  was  a 
crater ;  while  streams  of  lava  welled  out,  sometimes  almost 
with  the  tranquillity  of  a  water-spring,  from  the  same  or  con- 
tiguous openings.  These  periods  of  placid  activity  were  gene- 
rally succeeded  by  intervals  of  rest,  lasting  also  perhaps  a  few 
months,  at  the  L  of  which  tin.;  ^^tions  Ln^enced 
from  new  orifices — ^the  weakest  points,  it  is  presumable,  of 
some  fissures  broken  through  the  i^per  framework  of  the 
cone  by  the  efforts  of  the  internal  l&va  to  find  a  vent, — the 
former  issues  being  sealed  by  the  consolidation  of  the  residuary 
lava  which  found  its  way  up  through  them.  This  phase  of 
moderate  activity  has,  however,  been  occasionally  interrupted 
by  the  outbreak  of  a  violent  eruption,  such  as  occurred  in 
1794,  and  again  in  1822,  at  both  which  times  explosions  of 
vast  force,  prolonged  for  weeks,  broke  up  and  blew  into  the 
air  the  whole  upper  part  of  the  cone,  the  product  of  the  pre- 
ceding minor  eruptions,  leaving  a  central  caldron  of  great 
dimensions  excavated  through  the  heart  of  the  mountain.  To 
this  latter  phenomenon  I  shall  recur  presently. 

The  actual  state  of  Etna  affords  a  similar  example  of  almost 
continual  moderate  activity,  with  occasionally  more  or  less 
paroxysmal  outbursts.  During  the  last  half  century  at  least 
six  principal  eruptions  have  occurred,  viz.  in  1805, 1809, 1811- 

c 
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12,  1819,  1831,  and  1852,  each  of  which  produced  a  con- 
siderable quantity  of  lava.  But  the  intervals  between  these 
epochs  of  remarkable  excitation  did  not  pass  without  various 
minor  phenomena  attesting  the  continued  activity  of  the  focus. 
Frequent  earthquakes  were  felt,  not  only  by  the  inhabitants 
of  the  mountain's  flanks,  but  often  through  the  whole  island ; 
one  of  these  shocks  (IGth  February,  1810)  is  said  even  to  have 
extended  its  influence  as  far  as  Cyprus.  Smoke  was  almost 
continually  emitted  by  the  crater,  accompanied  occasionally 
by  detonations  and  jets  of  red-hot  scoriae ;  the  appearance  of 
flames,  often  mentioned  by  observers,  being  in  all  likelihood 
caused  by  the  light  of  these  jets,  which  took  place  at  the 
bottom  of  the  deep  crater,  reflected  from  the  impending  doud 
of  smoke  and  vapour. 

Many  of  the  volcanos  studding  the  Pacific,  as  well  as  some 
of  that  great  train  of  active  volcanic  vents  which  stretches  in 
a  sinuous  line  from  the  northern  extremity  of  the  peninsula 
of  Kamtschatka,  through  Japan,  Loo-choo,  and  the  Philippine 
Isles,  the  Moluccas,  and  Java,  into  Sumatra,  and  the  island 
chain  of  the  Andamans,  &;c.,  seem,  firom  the  meagre  informa- 
tion we  possess  concerning  them,  to  exist  in  this  state  of  pro- 
longed but  moderate  activity,  since  the  same  volcanoe  are 
seen  to  be  constantly  in  eruption  by  the  crews  of  the  different 
vessels  that  navigate  these  Archipelagos. 

This  is  probably  the  condition  of  the  volcanos  of  Barren 
Island,  of  Aijuna  in  Java,  and  of  the  small  island  between 
Timor  and  Ceram ;  of  that  of  New  Britain,  seen  successively 
by  Dampier,  D'Entrecasteaux,  Lemaire,  and  Schouten,  in 
eruption ;  of  that  of  Tanna  in  the  Archipelago  of  the  New  He- 
brides, seen  in  activity  by  Cook,  D^Entrecasteaux,  and  Forster ; 
of  the  Peak  of  Temate  in  the  Moluccas ;  of  those  of  Mutova 
and  Tharma  in  the  Kurile  Islands,  and  many  others  in  Japan^ 
Kamtschatka,  and  the  Aleutian  Isles. 

Among  the  American  volcanos,  we  may  instance  as  existing 
in  this  phase  those  of  Pichinca  near  Quito,  and  of  Popocate- 
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petl  in  Mexico^  which  have  been  ahnost  continually  active  since 
the  period  of  the  occupation  of  the  Americas  by  Europeans. 

The  volcano  of  the  He  de  Bourbon  offers  another  remark- 
able example  of  the  phase  under  consideration.  From  accounts 
given  by  M.  Hubert,  who  is  stated  by  Bory  de  St.  Vincent 
to  have  directed  his  attention  to  its  phenomena  ever  since  the 
year  1760,  we  know  it  to  have  existed  during  the  last  century 
in  a  continual  state  of  moderate  activity,  vomiting  lava  at 
least  twice  in  every  year :  eight  of  its  currents  produced  in 
this  space  of  time  have  reached  the  sea,  and,  with  the  others, 
cover  a  wide  slope  called  Lepays  brHl6,  of  a  horrible  aspect, 
almost  entirely  destitute  of  vegetation,  iminhabited,  and,  from 
the  peculiar  glassy  asperity  of  the  scoriform  surfaces  of  the 
currents,  nearly  impassable.  Here,  however,  as  in  other  in- 
stances already  cited,  this  moderate  activity  is  liable  to  be 
interrupted  by  paroxysmal  action.  From  recent  accounts  we 
learn  that  an  eruption  of  prodigious  violence  occurred  there 
in  the  course  of  last  year  (1859),  giving  birth  to  an  immense 
current  of  lava,  which,  flowing  from  the  summit  of  the  vcdcano 
(5000  feet  high)  into  the  sea,  interrupted  all  communication 
by  land  round  the  east  coast  of  the  island. 

§  3.  PhoMe  of  proUmged  intermittences  and  paroxysmal 
eruptions. — ^But  of  all  the  phenomena  of  volcanos,  those  sud- 
den and  violent  eruptions  which  I  have  called  paroxysmal, 
and  which  usually  occur  after  a  lengthened  period  of  external 
quiescence,  naturally  attract  the  most  attention.  And  of  these 
the  most  copious  narratives  have  been  recorded. 

The  stupendous  and  terrific  character  of  these  catastrophes, 
the  rarity  of  their  disjday,  their  sudden  and  unexpected  oc- 
currence, and  the  dreadful  extent  of  injury  oftien  resulting 
from  them  to  the  lives  and  property  of  the  inhabitants  of  the 
surrounding  country,  make  them  a  subject  of  general  remaric 
and  relation  during  and  long  after  the  period  of  their  deve- 
lopment. Hence  accounts  of  such  volcanic  eruptions  find  a 
place  in  the  earliest  annals  of  history,  play  their  part  occa- 
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sionally  in  the  fabulous  mythology  of  still  remoter  ages^  and 
form  a  not  unfrequent  source  of  sublime  imagery  to  the  poets 
of  antiquity. 

§  4.  When  we  compare  together  all  the  received  states 
ments  of  such  occurrences^  observed  in  every  quarter  of  the 
globe  and  at  distant  periods,  we  cannot  but  be  struck  by  the 
exceeding  similarity  of  the  facts  and  appearances  recounted ; 
nay,  more,  when  due  allowance  is  made  for  the  efiects  of  tenror 
upon  the  minds  of  ignorant  and  perhaps  superstitious  ob- 
servers, for  the  universal  proneness  to  exaggeration  of  the 
marvellous,  the  want  of  scientific  language,  and  the  errorB 
necessarily  incidental  to  the  relations  of  inexperienced  per- 
sons, as  well  88  for  the  great  distances  from  which  they  have 
been  generally  viewed,  it  is  not  too  much  to  say  that  a  com:- 
plctc  identity  may  be  recognized  in  the  main  phenomena; 
no  further  discrepancies  existing  than  what  are  fairly  referable 
to  modifications  produced  by  local  circumstances,  or  by  differ- 
ences in  the  intensity  of  volcanic  force  developed,  and  in  the 
mineral  quality  and  chemical  condition  of  the  substances 
elevated. 

§  5.  The  following  is  a  brief  sketch  of  the  phenomena  whidi 
universally  appear  to  characterize  these  great  eruptions  or  vol- 
canic paroxysms. 

They  are  preceded  by  earthquakes  more  or  less  violent, 
frequent,  and  prolonged,  but  affecting  principally  the  volcanic 
mountain  itself,  which  seems  to  be  convulsed  by  internal 
throes,  comparable  to  those  of  parturition  in  an  animal.  These 
shocks  are  probably  owing  to  the  expansive  efforts  of  a  sub- 
terranean mass  of  lava  in  a  state  of  extreme  tension,  or  of  the 
elastic  fluids  which  it  contains,  to  force  a  passage  through  the 
superincumbent  rocks.  Repeated  loud  subterranean  detona- 
tions are  heard,  resembling,  so  as  frequenUy  to  be  mistaken 
at  a  distance  for,  the  firing  of  heavy  artillery,  or  the  rolling  of 
musketry,  according  to  its  intensity. 

These  sounds  are  proved,  by  the  immense  distance  to  which 
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they  are  propagated^  and  with  a  rapidity  wholly  out  of  propor- 
tion to  their  loudness  near  the  spot  firom  which  they  proceed, 
to  be  conveyed^  not  by  the  air  alone,  but  chiefly  by  the  solid 
strata  of  the  earth. 

Often,  it  is  said,  the  state  of  the  atmosphere  assumes  a 
peculiar  character,  oSSering  an  unusual  closeness  and  stOlnesSy 
causing  a  sensation  of  oppression. 

These  threatening  indications  of  an  approaching  crisis  last 
for  a  greater  or  less  time,  and  are  accompanied  by  the  disturb- 
ance or  total  disappearance  of  springs,  the  drying  up  of  welb, 
and  such  accidents  as  the  cracking,  splitting,  and  heaving  of 
the  substructure  of  the  mountain  must  naturally  occasion. 
During  this  time  the  lava  is  probably  forcing  its  way  upwards 
like  a  wedge  through  one  or  more  fissures  broken  by  these 
violent  throes.    When  it  thus  at  length  obtains  a  communica^ 
tion  with  the  outward  air,  the  eruption  begins,  generally  with 
one  tremendous  burst,  which  appears  to  shake  the  mountain 
firom  its  foundations.    Explosions  of  aeriform  fluids,  each  pro- 
ducing a  loud  detonation,  and  gradually  increasing  in  violence, 
succeed  one  another  with  great  rapidity  firom  the  orifice  of 
eruption,  which  is  in  most  instances  the  central  vent  or  crater 
of  the  mountain.     This  vent  has  usually  been  obstructed, 
during  a  long  preceding  period  of  repose,  by  the  ruins  of  its 
sides,  brought  down  by  the  wasting  influence  of  the  weather 
and  the  shocks  of  earthquakes,  or  by  the  products  of  previous 
minor  eruptions. 

The  elastic  fluids  therefore,  in  their  rapid  escape,  project 
vertically  upwards  these  loose  accimiulated  matters  and  the 
firagments  of  the  more  solid  rocks  through  which  they  have 

forced  a  passage. 

The  mutual  firiction  to  which  these  firagments  are  subjected 
during  their  rapid  and  repeated  projection,  as  they  fall  again 
towards  the  orifice,  reduces  them  to  such  tenuity  that  a  large 
portion  is  carried  upwards  by,  and  remains  for  a  time  suspended 
in,  the  heated  clouds  of  aqueous  vapour  which  are  discharged 
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at  the  same  time  in  prodigious  volumes  firom  the  Tdcanic 
aperture. 

The  rise  of  this  vapour  produces  the  appearance  of  a  odlmnn 
several  thousand  feet  high,  based  on  the  edges  of  the  crater, 
and  appearing  firom  a  distance  to  consist  of  a  mass  of  innu- 
merable globular  clouds  of  extreme  whiteness,  resembling 
vast  balls  of  cotton  rolling  one  over  the  other  as  thejT  ascend, 
impelled  by  the  pressure  ot  fi*esh  supplies  incessantly  ui^ed 
upwards  by  the  continued  explosions.  At  a  certain  height 
(determined,  of  course,  by  its  relations  of  density  with  the 
atmosphere)  this  column  dilates  horizontally,  and  (unless 
driven  in  any  particular  direction  by  aerial  currents)  spreads 
on  all  sides  into  a  dark  and  turbid  circular  cloud.  In  very 
favourable  atmospheric  circumstances,  the  cloud  with  the  sup- 
porting column  has  the  figure  of  an  immense  umbrella,  or  of 
the  Italian  pine,  to  which  Pliny  the  younger  compared  that  of 
the  eruption  of  Vesuvius  in  a.d.  79,  and  which  was  accurately 
reproduced  in  October  1822.  Strongly  contrasting  with  this 
pillar  of  white  vapour- puffs,  is  seen  a  continued  jet  of  black 
cinders,  stones,  and  ashes,  the  larger  and  heavier  firagments 
falling  back  visibly,  after  describing  a  parabolic  curve.  This  jet 
of  solid  fragmentary  matter  often  reaches  to  a  height  of  several 
thousand  feet,  while  the  vapour-pillar  rises  still  higher.  Forked 
lightnings  of  great  vividness  and  beauty  are  continually  darted 
fi'om  different  parts  of  the  cloud,  but  principally  its  borders. 
The  continual  increase  of  the  overhanging  cloud  soon  hides 
the  light  of  day  from  the  districts  situated  below  it,  and  the 
gradual  precipitation  of  the  sand  and  ashes  it  contains  con- 
tributes to  envelope  the  atmosphere  in  gloom,  and  adds  to  the 
consternation  of  the  inhabitants  of  the  vicinity*. 

These  phenomena  result  from  the  lava  boiling  up  the  chim- 
ney of  the  volcano.  The  elastic  fluids  by  which  it  is  traversed 
rend  and  carry  upwards  portions  of  its  siuface  as  they  explode 
from  it,  and  form  a  continual  fiery  fountain  of  still  liquid  and 

*  See  the  Frontispiece. 
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incandesoent  drops  or  firagmaitB^  which^  finom  the  ydocttjr  of 
their  motion^  present  a  luminoiis  aj^pearanoe  that  has  fre- 
quently been  mistaken  at  a  diwtanfie  for  flame.  The  internal 
eolomn  of  lava,  continuing  to  rise,  forces  an  issue  at  length, 
either  over  the  lowest  lip  of  the  crater,  (Mr  firom  some  crevice 
broken  through  the  side,  perhaps  even  at  the  foot  of  the 
mountain,  from  whence  it  flows  in  torrents  over  the  lowest 
sur£Eices  it  can  reach,  according  to  the  usual  laws  of  fluid 
bodies,  and  often  spreads  itself  to  a  distance  of  many  mileSy 
and  over  wide  areas,  burning,  overwhelming,  and  destroying 
everything  it  meets  in  its  course,  vegetation,  woods,  buildings^ 
&c.  By  night,  the  running  lava  appears  at  a  white  heat 
wherever  the  liquid  interior  of  the  current  is  visible ;  but  as 
upon  contact  with  the  air  its  surfsice  is  instantaneously  con- 
gealed into  a  thick  scoriform  crust,  the  general  tint  of  the 
outside  is  a  glowing  red,  gradually  darkening  as  the  solidified 
coating  increases  in  thickness. 

During  day  the  lava  is  almost  concealed  firom  view  by  the 
torrents  of  aqueous  vapour  which  rise  firom  its  whole  surfiu^ 
in  immense  volumes,  and  unite  themselves  to  the  douds  of 
similar  nature  that  hang  over  the  mountain. 

In  some  cases  no  absolute  escape  of  lava  in  streams  takes 
place,  scoriae  alone  being  projected. 

In  all  cases  where  lava  is  emitted,  its  protrusion  marics  the 
crisis  of  the  eruption,  which  usually  attains  the  main  mum  of 
its  violence  a  day  or  two  after  its  commencement.  The  stop- 
ping of  the  lava  in  the  same  manner  indicates  the  termination 
of  the  crisis,  but  not  of  the  eruption,  for  the  gaseous  explo- 
sions continue  often  for  some  time  with  immense  and  scarcely 
diminished  enei^. 

At  length,  however,  they  cease  to  throw  up  liquid  or  red- 
hot  lava,  the  surfiu^  of  the  lava-column  having  seemingly  sunk 
too  fiur  within  the  vent ;  the  firagments  projected  are  either 
blocks  of  older  rocks,  or  consolidated  scoriae.  By  degrees, 
these  firagments,  most  of  which  fall   back   into  the  crater. 
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the  volcanic  orifice  and  the  emitted  lava^  and  hence  a  fall  of 
rain  takes  place  in  prodigious  quantity  on  its  sides  and  base^ 
producing  torrents^  which^  carrying  with  them  the  ashes^ 
sand^  scoriae^  and  fragments  with  which  the  slopes  are  strewed^ 
rush^  as  deluges  of  liquid  mud^  towards  the  plains  or  valleys 
below,  and  cover  them  with  vast  deposits  of  volcanic  alluvium*. 

As  instances  of  volcanic  paroxysms,  amongst  many  on 
record,  may  be  mentioned  those  of 

Vesuvius,  in  the  years  a.d.  79,  203,  472,  512,  685,  993, 
1036,  1139,  1306,  1631,  1760,  1794,  and  1822. 

^tna,  in  1169,  1329,  1535  (this  eruption  lasted  two  years 
with  terrific  violence,  and  occurred  after  a  quiescence  of 
nearly  a  century),  1669,  1693-4,  1780,  1800,  and  1852. 

Teneriflfe,  in  1704  and  1797-8. 

San  Georgio,  one  of  the  Azores,  in  1808. 

Palma,  one  of  the  Canary  Isles,  in  1558,  1646,  and  1677. 

Lancerote,  belonging  to  the  same  group,  in  1730. 

All  the  recorded  eruptions  of  Iceland,  but  especially  those 
of  Kattlagaia  Jokul,  a.d.  1755,  which  lasted  a  year,  and 
Skaptar  Jokul,  in  1783. 

§  6.  Such  are  the  phenomena  which  characterize  the  dis- 
play of  the  volcanic  forces  from  an  habitual  vent,  at  its 
moments  of  paroxysm.  These  eflforts  are  generally  preceded, 
and  more  constantly  followed^  by  long  periods  of  complete 
tranquillity,  the  energies  of  the  volcano  seeming  to  be  ex- 
hausted for  a  time  by  the  violence  of  their  development. 

The  duration  of  this  quiescent  interval  is  of  very  imequal 

♦  The  above  description  corresponds  closely  with  what  I  myself  ob- 
served during  the  eruption  of  Vesuvius  in  October  1822,  the  greatest, 
unquestionably,  that  has  been  witnessed  in  Europe  since  the  beginning 
of  the  century.  I  believe  it  to  be  equally  applicable  to  the  paroxysmal 
eruptions  of  volcanic  mountains  in  general,  because,  after  a  careful  study  of 
the  reliable  reports  of  their  occurrence  at  other  times  and  other  places, 
and  making  allowance  for  the  sources  of  error  natural  to  such  occasions 
already  adverted  to,  these  last  appear  to  me  perfectly  reconcileable  to  the 
belief,  in  itself,  and,  h  priori^  most  probable,  of  their  general  identity. 
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continuance,  extending  even  occasionally  to  centnrieB;  and 
thua  it  firequently  happens  that  the  scoiisB  and  ashes  fiurming 
the  surface  of  the  cone,  and  its  internal  cavity  or  crater, 
become  so  far  decomposed  as  to  afford  a  soil  in  which  various 
vegetables  find  sustenance.  All  appearances  of  igneous  action 
are  effaced;  forests  grow  up  and  decay;  and  cultivation  is 
carried  on  upon  a  surface  destined  perhaps  to  be  blown  to 
atoms  and  scattered  to  the  winds  when  the  crisis  arrives  for 
the  renewal  of  the  volcanic  phenomena.  Thus  during  the 
quiescent  inten^al  between  the  eruptions  of  1139  and  1806, 
the  whole  surface  of  Vesuvius  was  in  cultivation,  and  pools  of 
water  and  chestnut-groves  occupied  the  sides  and  bottom  of 
the  crater,  as  is  at  present  the  case  with  so  many  of  the  ex- 
tinct craters  of  -5iltna,  Auvergne,  the  Vivarais,  &c. 

In  general,  after  the  cessation  of  a  paroxysm,  many  fiama^ 
roles,  or  emanations  of  vapour,  evolve  themselves  firom  the 
lava-currents  which  were  then  produced,  as  well  as  from  the 
bottom  of  the  crater.  These  vapours,  which,  at  first,  are  for 
the  most  part  aqueous,  usually  contain  a  variety  of  mineral 
acids,  and,  as  the  lava  cools  down,  deposit  saline  incrustations 
at  the  mouths  of  the  fumarole.  They  are  hydrochloric  acid, 
sulphurous  acid,  sulphur,  sulphuretted  hydrogen,  and  their 
compounds,  especially  the  clilorides  of  sodium,  potassium, 
ammoniimi,  iron,  and  copper.  Occasionally  boracic  acid  occurs. 
Specular  imn-ore  is  not  un&equently  deposited  in  the  fissures 
of  lavas  opening  into  the  air. 

When  the  acidity  of  the  vapours  is  in  excess,  and  their  pro- 
duction continued  for  a  long  period,  they  effect  a  very  con- 
siderable degree  of  decomposition  on  the  exposed  parts  of  the 
rocks  against  which  they  act,  and  the  crater  of  a  volcano  in 
this  condition  is  said  to  pass  into  the  state  of  a  Solfatara  or 
SouMere.  Such  is  the  actual  condition  of  the  Solfatara  near 
Pozzuoli  j  of  the  Soufrieres  of  St.  Vincent,  Guadaloupe,  and 
St.  Lucia,  in  the  Leeward  Isles;  of  the  great  central  crater  of 
the  Peak  of  Tencriffe ;  of  the  cratpr s  of  Milo  in  the  Archi- 
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pelago ;  of  V (dcano,  one  of  the  Idpari  Islands ;  of  CraUa  in 
Iceland ;  and  of  Tanna,  one  of  the  New  Hebrides,  aooording 
to  Dr.  Forster ;  of  many  volcanos  in  Java,  in  the  Cordilleras 
of  S.  America^  and  in  other  localities. 

This  condition  is  by  no  means  a  proof  of  the  complete  ex- 
tinction of  the  volcano,  as  was  proved  by  ihe  eruptions  firom 
the  Soufiriere  of  St.  Vincent  in  1812,  which  had  been  com- 
pletely tranquil  since  1119,  that  is  to  say,  for  seven  oen- 
turies!;  and  by  a  simikr  renewal  of  activity  firom  those  of 
Volcano  in  1786,  and  of  Guadaloupe  in  1778, 1797,  and  1812. 
Hot-water  springs  containing  sulphur,  and  mephitic  emana- 
tions of  carbonic  acid  gas  (called  mofette  in  Italy),  are  the 
most  enduring,  perhaps,  of  all  the  exhalations  firom  a  spent 
volcano.  To  these  phenomena  reference  will  be  made  here- 
after. 

All  the  volcanos  of  the  Atlantic,  whether  in  Iceland,  the 
Azoreci,  Canaries,  Cape  Verde,  or  Caribbee  Isles,  appear  at  pre- 
sent to  exist  in  this  phase  of  prolonged  quiescence,  interrupted 
from  time  to  time,  and  at  distant  intervals,  by  paroxynnal 
eruptions.  A  great  propcnrtion  of  those  which  stud  the  Cor- 
dilleras of  the  two  American  continents,  and  of  those  which 
occur  in  Simiatra,  Java,  the  Moluccas,  Japan,  Kamtschatka, 
and  the  numerous  Archipelagos  of  the  Pacific,  belong  to  the 
same  class.  Throughout  these  two  great  volcanic  trains 
(which  in  reality  form  but  one,  ranging  from  S.  to  N.,  and  back 
again  to  S.W.)  we  hear  of  terrific  eruptions  occasionally 
breaking  out  fixnn  mountains  which  were  not  previously 
suspected  to  be  of  volcanic  nature,  or  as  to  which  the  accounts 
of  former  catastrophes  of  this  sort  existed  but  as  vague  tradi- 
tionary fables. 

§  7.  It  has  been  thought  advisable  thus  to  distinguish  these 
three  phases,  in  one  or  other  of  which  the  phenomena  of  a 
volcanic  vent  usually  present  themselves,  in  order  to  simplify 
the  study  of  their  nature  and  mode  of  operation.  But  it  must 
be  recollected  that  the  distinction  is  purely  artificial ;  many 
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Tolcanos  exist  in  intermediate  oonditionsi  partaking  of  the 
characters  of  more  than  one  phase,  or  occasionally  passing 
from  one  into  another.    Thus  Vesuvius,  whose  earlier  enip- 
tions  appear  to  have  generally  been  paroxysmal,  with  pro- 
longed intervals  of  repose,  as  far  as  can  be  deduced  from  the 
imperfect  accounts  preserved  of  its  phenomena   (although, 
from  the  reasons  mentioned  above,  only  the  paroxysms  will, 
perhaps,  have  been  noted),  continued  during  a  great  part  of 
the  seventeenth  century  in  the  second  phase,  frequent  erup- 
tions having  been  mentioned  between  the  years  1660  and  1694, 
when  a  paroxysmal  outbreak  occurred,  succeeded  by  a  qui- 
escence of  ten  years,  since  which  the  volcano  has  been  almost 
constantly  active.    iEtna  in  the  same  manner  appears  to  have 
passed  into  the  phase  of  moderate  activity  towards  the  b^in- 
ning  of  the  seventeenth  century ;  since  which  epoch  more  than 
forty  eruptions  arc  recorded,  with  but  one  quiescent  interval 
of  any  considerable  duration,  viz.  from  1702  to  1755.    Some  of 
these  eruptions,  however,  have  been  decided  paroxysms,  parti- 
cularly those  of  1669  and  1787. 

Similar  changes  have  doubtless  often  taken  place  in  other 
instances,  many  volcanic  mountains  bearing  marks  of  having 
experienced  such  varieties  of  condition.     It  is  indeed,  as  will 
be  hereafter  shown,  to  this  alternation  of  phases  of  moderate 
activity  with  paroxysmal  eruptions  that  is  owing  a  fi^uent 
and  characteristic  feature  of  volcanic  mountains,  namely  their 
exhibition  of  one  or  more  circular  cliff-ranges,  or  segments  of 
such,  surrounding,  or  closely  adjoining  to,  the  more  recently- 
formed  cones  which  are  at  present,  or  have  lately  been,  in 
activity, — the  outer  rings,  or  annular  ranges,  being  in  each 
case  the  basal  wreck  of  an  earlier  volcanic  cone  which  had 
been  blown  up  by  some  eruptive  paroxysm.      Occasionally 
even  a  series  of  concentric  crater-clifis  of  this  kind  occur,  one 
within  or  a  little  on  one  side  of  the  other,  as  in  the  instance 
of  Vesuvius,  which  rises  from  the  old  semi-crater  of  Somma 
(the  Atrio),  produced  by  the  paroxysmal  eruption  of  the  year 
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79,  tiiat  overwlielmed  Hercnluieiim  and  Pompeii;  while  in 
1765-70,  and  again  in  1822-35,  it  ctmtained  widuo  it«  own 
crater  (formed  by  a  paroxyBinal  eruption)  noaller  cones  with 
their  craters,  one  within  the  other  like  a  nest  of  boxes.  This 
common  hut  remarkable  feature  of  vcdcanic  moontaina  wiD 
be  farther  discussed  in  a  later  page. 

How  long  an  interval  of  repose  may  a^;ae  the  complete 
extinction  of  a  volcano,  it  would  not  be  easy  to  say ;  we  know 
that  seventeen  centuries  occurred  between  two  consecutive 
eruptions  firom  Ischia.  Bat  yesnvias  was  during  this  period 
in  fircquent  activity,  and  probably  relieved  tbe  tennon  of  the 
subterranean  focus  to  which  both  belong.  In  a  future  chapter 
on  Systems  of  VolcanoB  this  question  will  be  farther  d 


it  of  Tcwiriiu  ID  1774,  ilioiriDj  eone  within  a 
(From  Sir  W.  Huiilfan'i  >  Chd^  FUegrn.'} 
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CHAPTER  IV. 

EXAMINATION  OF  TIIE  VOLCANIC  PHENOMENA. 

The  maiu  agent  in  all  these  stupendous  phenomena — the 
power  that  breaks  up  the  solid  strata  of  the  earth's  surface, 
raises^  through  one  of  the  fissures  thus  occasioned,  a  pon- 
derous column  of  liquid  mineral  matter  to  the  summit  of  a 
lofl^  mountain,  and  launches  thence  into  the  air,  some  thou- 
sand feet  higher,  with  repeated  explosions,  jets  of  this  matter 
and  fragments  of  the  rocks  that  obstruct  its  efforts — consists 
unquestionably  in  the  expansive  force  of  some  elastic  aeriform 
fluid  struggling  to  escape  from  the  interior  of  a  subterranean 
body  of '  lava,'  i,  e.  of  mineral  matter  in  a  state  either  of  furioui 
or  at  least  of  liquefaction  at  an  intense  temperature.  This 
body  of  lava  is  evidently,  at  such  times,  in  igneous  ebuUition. 

That  it  conducts  itself,  on  obtaining  access  to  the  outer  air 
through  some  crevice  sufficiently  widened  for  this  purpose, 
precisely  after  the  manner  of  a  boiling  liquid  or  paste,  has, 
indeed,  been  ascertained  by  repeated  observations. 

It  is  true  that  the  unexpected  occurrence  and  fearfully 
destructive  character  of  a  paroxysmal  eruption,  such  as  has 
been  just  described,  rarely  allow  the  bystanders  to  preserve 
the  necessary  calmness  of  judgment  for  accurate  appreciation 
of  its  details ;  still  less  can  they  venture  upon  these  occasions 
sufficiently  near  to  the  vent  for  a  careful  examination  of 
what  takes  place  there.  But  during  the  minor  eruptions  of 
volcanos  whose  activity  is  prolonged  through  months  or  years, 
far  better  opportunities  have  been  afforded  for  this  purpose. 
Those  especially  which,  like  Stromboli,  are  in  perpetual  erup- 
tion offer  perhaps  the  most  favourable  of  all.  We  are  there, 
indeed,  admitted  almost  into  the  recesses  of  Nature's  labo- 


8H0WK  IN  STBOHBOLI. 


31 


ntor^,  comparatively  open  to  near  inspection  at  all  sesaons, 
without  risk,  since  the  explosions  which  characterise  this  phase 
rarely  exceed  an  average  ratio,  and  the  crater  can  oonse- 
qnenUy  be  approached  and  its  interior  viewed  at  leianre  with 
complete  impnaitf. 

The  observationB  made  by  Spallanzani  apon  Stromboli,  in 
1788,  first  exhibited  the  nature  of  volcanic  acticm  in  its  tnw 

light. 

This  most  remarkable  island  is  elliptical  in  ^an  and  conical 


Fka  <rfthe  U«nd  of  SOvmboIL 
in  figure,  as  may  be  seen  in  the  accompanying  outline-sketches, 
rising,  at  an  angle  of  fi»m  3<y  to  50°,  to  a  height  of  neariy 
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3000  feet.  It  has  a  crater  on  the  summit,  breached  towaidi 
the  north,  on  which  side  a  smooth  inclined  plane  alopesi  at  an 
angle  of  abont  50°,  almost  immediately  from  the  bottom  of  the 
crater  down  to  the  sea.  The  steepness  of  this  talus  prevents  any 
of  the  scoriae  which  are  continually  thrown  up  out  of  the  vent 
from  resting  upon  it.  Those  which  fedl  on  that  side,  therefbrep 
roll  down  into  the  sea,  where,  after  trituration  by  the  waves^ 
they  are  probably  carried  off  into  deep  water  by  currents. 

On  reaching  the  summit  edge  of  the  crater  by  a  path  that 
leads  from  the  inhabited  side  of  the  island,  the  obeenrer  looks 
directly  down  into  the  mouth  of  the  volcano,  some  300  feet 
beneath  him.  On  my  visit  to  it  in  1820, 1  was  able  to  verify 
the  accuracy  of  Spallanzani's  account,  and  ascertain  that  the 
phenomena  were  at  that  time  still  precisely  such  as  he  de- 
scribed them  in  1788.  Two  rude  openings  show  themselves 
among  the  black  chaotic  rocks  of  scoriform  lava  which  form 
the  floor  of  the  crater.  One  is  to  appearance  empty;  but  from 
it  there  proceeds,  at  intervals  of  a  few  minutes,  a  rush  of 
vapour  with  a  roaring  sound,  like  that  of  a  smelting-fiimace 
when  the  door  is  opened,  but  infinitely  louder.  It  lasts  about 
a  minute.  Within  the  other  aperture,  which  is  perhaps  20  feet 
in  diameter,  and  but  a  few  yards  distant,  may  be  distinctly  per- 
ceived a  body  of  molten  matter,  having  a  vivid  glow  even  by 
day,  approaching  to  that  of  white  heat,  which  rises  and  falls  at 
intervals  of  from  ten  to  fifteen  minutes.  Each  time  that  it 
reaches  in  its  rise  the  lip  of  the  orifice,  it  opens  at  the  centre, 
like  a  great  bubble  bursting,  and  discharges  upwards  an  explo- 
sive volume  of  dense  vapour  with  a  shower  of  fragments  of 
incandescent  lava  and  ragged  scoriae,  which  rise  to  a  height  of 
several  hundred  feet  above  the  lip  of  the  crater.  Many  of  the 
fragments  do  not  reach  so  high.  Part  of  them  fall  back  within 
its  circuit,  to  be  again  rejected.  A  considerable  proportion, 
however,  falling  on  the  steep  talus  already  described  on  the 
north  side  of  the  vent,  roll  or  slide  down  into  the  sea ;  and  it 
is  evident,  fit)m  the  crater  continuing  to  retain  its  depth  and 
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form,  that  sooner  or  later,  after  perhaps  repeated  ejection,  all 
must  find  their  way  there,  to  be  distributed  over  the  bottom  of 
the  Mediterranean^. 

The  volcano  of  Masaya,  near  the  lake  of  the  same  name  in 
Nicaragua,  called  by  our  sailors  ''  the  Devil's  Mouth,''  exists 
also,  like  Stromboli,  in  a  state  of  permanent  eruption,  and  its 
phenomena  are  equally  instructive.  Incandescent  scoriae  are 
constantly  shot  up  from  the  bottom  of  its  crater,  where  lai^ 
bubbles  of  liquid  lava  are  seen  to  rise  and  fall  within  a  glowing 
abyss  with  extreme  regularity  at  intervals  of  fifteen  minutes. 
The  phenomena  of  its  eruptive  activity  reach  at  least  as  far 
back  as  the  year  1529,  when  it  was  visited  and  described  by 
the  Spanish  historian  Fernando  Gonzalez  de  Oviedo,  who, 
being  well  acquainted  with  Vesuvius,  was  competent  to  make 
trustworthy  observations  on  volcanic  phenomena.  '^In  its 
ordinary  state,"  he  says, "  the  surface  of  the  lava,  on  which 
black  scoriae  appear  floating,  remains  several  hundred  feet 
below  the  margin  of  the  crater ;  but,  at  times,  by  a  sudden 
vehement  boiling  up,  it  almost  reaches  the  upper  rim,  and 
then  discharges  a  gerb  of  red-hot  stones.''  The  perpetual 
light  seen  from  a  distance  is  justly  attributed  by  Oviedo,  not  to 
any  real  flame,  but  to  the  reflexion  from  the  clouds  of  vapour 
that  hang  over  the  open  abyss,  of  the  glow  proceeding  from 
the  incandescent  lava  within  it,  as  also  to  the  brightness  of  the 
jet  of  lava-drops  from  that  surface.  The  light  is,  notwith- 
standing, so  strong,  that  at  a  distance  of  more  than  three 
leagues  on  the  route  to  Granada,  the  illumination  of  the 
country  around  almost  equalled  that  of  the  frdl  moon.     Both 

♦  These  observationfl  haTe  been  subsequently  repeated  by  M.  Hoffinan. 
I  may  remark,  that  the  scoriae  now  ejected  by  Stromboli  are  very  full  of 
angite,  the  crystals  being  very  perfect — many  of  them  mackled.  Much 
of  the  volcanic  sand  thrown  up  consists  entirely  of  them.  It  is  evident 
that  these  crystals  must  have  been  formed  in  the  lava  previous  to  its 
ejection.  The  trachyte  observed  by  G.  Rose  and  Humboldt  in  Stromboli 
was  taken  from  a  rock  which  forms  the  base  of  the  island^  and  is  of  an 
early  date. 
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this  volcano  and  that  of  Stromboli  serve,  indeed,  the  poipoie 
of  lifi^hthousos  to  the  navigators  of  the  neighbouring  waters 
These  obsen'ations  on  Masaya  were  confirmed  by  Mr.  Sqnier 
on  his  recent  visits  as  describing  accurately  its  phenomena  at 
the  present  time*. 

In  each  of  these  instances  there  unquestionably  exists,  within 
and  l)elow  the  volcanic  vents,  a  body  of  lava  of  unknown 
dimensions,  pennanently  liquid,  at  an  intense  temperature, 
and  continually  traversed  by  successive  volumes  of  some  aeri- 
form fluid,  which  escape  from  its  surface — ^thus  presenting  all 
the  appearances  of  a  liquid  in  constant  ebullition. 

The  phenomena  of  other  volcanos  whose  eruptions  are  more 
or  less  intermittent,  do  not  differ  in  character,  while  they  last, 
from  those  of  Stromboli  and  Masaya.    Thus  during  the  erup- 
tion of  Vesuvius  in  1753,  those  who  ventured  to  the  summit 
of  the  cone  observed  jets  of  liquid  and  incandescent  lava-drops 
thrown  up  in  succession  from  the  siurface  of  a  boiling  mass  of 
lava  at  a  white  heat,  which  occupied  the  bottom  of  the  crater. 
A  precisely  similar  appearance  is  described  by  MM.  Dcville, 
Roth,  Abich,  and  other  observers,  in  the  case  of  the  small 
craters  of  Vesuvius,  which,  since  the  year  1822,  have  been 
formed   and  filled  up,  re-formed  and  again  filled  by  more 
or  less  placid  eruptions,  within  the  great  central  crater  pro- 
duced by  the  paroxysmal  explosions  of  that  year  t  •    Spallanzani 
remarked  a  similar  appearance  within  the  crater  of  Etna  in 
1788.     The  volcano  of  the  He  de  Bourbon  presents  another 
parallel  example.     Bory  de  St.  Vincent,  who  twice  visited  its 
active  crater  and  passed  a  whole  night  upon  its  borders,  de- 
scribes it  as  filled  with  a  body  of  liquid  lava,  apparently  at  an 
intense  heat,  but  covered  with  a  thin  and  cracked  crust  of  a 
dark  colour,  except  at  the  centre,  where  the  matter  was  com- 
pletely incandescent  and  continued  alternately  rising  upwards 
and  falling  again,  after  having  given  issue  to  a  jet  of  vapour 

♦  Squier's  '  Nicara^a,'  p.  374. 

t  See  Forbes,  Edinb.  Joum.  1850,  and  Comptes  Rendus,  1866,  p.  208. 
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and  drops  of  lava.  The  oscilUtoiy  motion  thus  occasioned 
produced  a  aeries  of  concentric  waves  or  wrinkles  on  the 
surface  of  the  pool  of  lava,  which  were  hroken  by  a  network  of 
cracks  through  which  the  lava  waa  visible  at  a  white  heat, 
gradaoUy  dulling  to  a  faint  red  as  the  waves  receded  firom  the 
central  fount  (see  fig.  3). 


The  crater  of  Kilauea  in  Hawaii  is  described  by  Professor 
Dana  and  other  observers  as  exhibiting  the  same  appearance, 
on  a  much  larger  scale,  of  a  lake  of  liquid  lava  more  or  less 
crusted  over  on  the  exposed  surface,  through  which,  at  several 
pmnts,  volumes  of  vapour  burst  upwards  with  jeta  of  highly 
viacoua  matter,  which  on  cooling  takes  the  form  of  vitreous 
filaments  or  scoriEe. 

There  exists,  indeed,  no  account  of  the  occurrence  of  any 
considerable  subaerial  eruption  wholly  unaccompanied  by  the 
vertical  projection  of  scoriie  or  pumice — that  is,  of  fragments 
torn  by  exploding  vapours  from  a  surface  of  more  or  less  liquid 
lava,  which  when  cooled  are  found  to  contain  innumerable 
pores  or  vapour-vesicles.  And  this  fact  is  alone  sufficient, 
d2 


36  CAUSE  OF  EBULLITION  OF  LAVA. 

even  though  no  currents  of  lava  be  produced^  td  show  that  the 
elastic  fluids  explode  from  the  interior  of  a  mass  of  that  nature. 

When  minor  eruptions  occur  from  a  deep  central  crater  on 
the  summit  of  a  lofty  volcanic  mountain,  the  incandescent 
scorise  thrown  up  from  the  bottom  of  the  cavity  may  be  in- 
visible to  spectators  at  a  distance.  In  such  cases,  however, 
the  shock  of  the  rci>cated  detonations  is  usually  felt  and  their 
report  heard  by  the  inhabitants  of  the  moimtain's  flanks ;  while 
the  brilliant  light  proceeding  from  the  jets  of  scorise,  or  the 
glowing  lava  from  which  they  burst,  reflected  by  the  cloud  of 
aqueous  vapour  impending  over  the  crater,  produces  that 
luminous  appearance  which  is  erroneously  described  as  flames 
in  the  accounts  given  of  volcanic  eruptions  by  unscientific 
witnesses.  Whether  any  real  flames  are  ever  evolved  from  a 
volcano  in  eruption,  through  the  inflammation  of  hydrogen  or 
other  inflammable  gases,  is  a  point  perhaps  as  yet  unde- 
termined. If  they  do  occur,  it  is  only  under  peculiarly  frivour- 
able  circumstances  that  they  would  be  visible,  their  weak 
light  being  liable  to  be  efiaccd  by  the  stronger  glow  of  the  in- 
candescent lava.  Abich  considered  that  he  saw  faint  but  real 
inflammations  of  hydrogen  gas  in  the  interior  of  the  crater  of 
Vesuvius. 

It  must  then  be  admitted  as  indisputable  that  there  exists 
vdthin  and  below  every  volcanic  vent,  at  the  time  of  its  erup- 
tions, a  subterranean  mass  of  liquefied  mineral  matter,  or 
'lava/  of  indeterminate  extent,  at  an  intense  temperature, 
traversed  more  or  less  freely  by  ascending  volumes  of  an  elastic 
fluid,  wliich  burst  from  its  sur£BU)e  and  rise  rapidly  into  the 
air.  Such  a  mass  of  lava  conducts  itself,  as  has  been  said, 
precisely  after  the  manner  of  a  liquid  in  ebullition. 

If  any  doubt  should  suggest  itself  whether  this  fluid  is 
actually  generated  within  the  lava,  or  only  rises  through  it, 
having  its  origin  in  some  other  substance,  or  in  some  other 
manner,  beneath,  it  must  be  dispelled  by  the  evidence  afforded 
in  the  extremely  vesicular  or  cellular  structure  of  very  many 
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empted  lavas^  not  merely  near  the  snrfSEu^^  but  tlironghont 
their  mass^  showing  that  the  aeriform  floid  in  these  cases 
certainly  developed  itself  interstitially  in  every  part.  And 
although  such  vesicles  or  cells  appear  at  first  sight  to  be 
wanting  in  other  lavas^  at  least  in  the  lower  portions  of  the 
lava-current  after  its  consolidation^  the  microscope  invariably, 
or  almost  invariably,  discovers  them.  In  those  exceptional 
cases  where  the  rock  is  to  appearance  perfectly  compact,  it 
is  allowable  to  suppose  that  the  vapour  it  once  contained 
escaped  in  ascending  bubbles,  or  by  exudation  through  ex- 
tremely minute  pores,  or  was  condensed  by  pressure  and 
refiigeration  previously  to  the  solidification  of  the  matter. 

A  question,  however,  may  arise,  whetiier  ebullition  com- 
mences only  in  the  lava  when  it  obtains  an  approximatively 
free  communication  with  the  atmosphere,  or  takes  place  pre- 
viously in  the  depths  of  the  volcanic  focus  the  moment  any 
sufficient  space  is  obtained  for  the  sufficient  expansion  of  some 
portion  of  the  vapour  by  the  yielding  and  vertical  elevation 
of  the  overlying  rocks.  The  first  hypothesis  appears  most 
probable,  as  the  normal  law,  not  only  from  the  evidence  of 
the  phenomena'  themselves,  but  likewise  fit>m  a  consideration 
of  the  character  of  the  vapour,  which  as  it  issues  from  an 
eruptive  vent  is  that  of  water — ^in  other  words,  steam, — in  the 
proportion,  according  to  the  experiments  of  M.  Deville  and 
others,  of  y^nnr^  *^®  fractional  portion  being  chiefly  sulphu- 
retted hydrogen  and  other  gases  already  enumerated. 

The  CEtct  that  the  great  mass  of  elastic  fluid  discharged  fit)m 
a  volcanic  vent  in  eruption  consists  of  aqueous  vapour,  has 
not  only  been  recognized  by  all  who  have  experimented  upon 
it  directly*,  but  is  evident  moreover,  as  Sir  Humphry  Davy 
observed,  in  the  mere  aspect  of  the  column  of  white  vapour 
which  every  eruption  propels  upwards,  and  which,  unless  di- 
spersed by  winds,  collects  into  dense  and  heavy  clouds  above 
the  mountain,  and  is  soon  seen  to  fall  in  torrents  of  rain  upon 
•  IkeiBlak,  Monticelli,  Davy,  Daubeny,  Deville,  &c 
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its  flanks  or  the  surrounding  country.  The  vapour  evolted 
by  the  permanently  active  vents^  such  as  Stromboli^  forms  a 
constant  cloud  of  a  white  or  greyish  colour^  which  remaim 
stationary  alx)ve  the  peak  when  the  air  is  calm,  or  endrdes 
it  with  a  wreath  of  mist^  or  falls  in  light  showers,  or  streams 
down  wind^  according  to  the  density  and  temperature  of  the 
atmosphere^  precisely  like  an  ordinary  vapour-doud.  That 
of  Mount  Erebus  in  Victoria  Land  was  observed  by  Sir  James 
lloss  to  fall  in  showers  of  snow  to  leeward  of  that  volcano. 

The  results  of  the  microscopical  examination  of  the  odls 
and  cavities  disseminated  through  lavas,  by  Mr.  Sorby,  more- 
over sup|)ort  the  conclusion  that  the  vapour  which  they  eon* 
tained  at  the  time  of  their  formation  was  that  of  water;  which^ 
indeed,  M.  Delesse  and  others  have  detected  in  all  the  cry- 
stalline plutonic  rocks,  whence  the  lavas  of  volcanos  have 
probably  been  derived.  If  in  some  compact  lava-rocks  water 
is  not  appreciably  present,  it  has  doubtless  escaped,  as  was 
observed  abovc^  and  as  M.  Delesse  suggests^  through  ^  fumap 
roles^  at  the  period  of  their  solidification^. 

Now  water  we  know  is  converted  into  vapour  only  at  tem- 
peratures increased  in  proportion  to  the  increased  pressmre  to 

•  Bulletin  de  la  Soc.  G^ol.  de  France,  2*  s^r.  voL  xv.  p.  760.    M.  Dau- 
br^;  the  latest  and  most  persevering  experimental  investigator  of  the 
phenomena  of  metamorphism,  thus  expresses  himself: — ''In  the  exha- 
lations of  volcanos  there  is  a  substance  which  did  not  at  first  fix  the 
attention  of  men  of  science,  because,  under  the  influence  of  early  theories, 
it  seemed  altogi^ther  inactive  towards  the  formation  of  minerals,  but  which 
appears  in  truth  to  have  played  the  foremost  part  in  the  phenomena  of 
metnmorphism  as  well  as  in  the  eruptions  of  volcanos.    This  substance  is 
water,  which  is  found  in  these  exhalations,  not  in  minute  quantity  only 
in  the  vapours,  but,  on  the  contrary,  as  the  most  abundant  a&d  the  most 
constant  product  of  eruptions,  in  all  regions  of  the  globe.  .  .  .  We  know 
nothing  of  the  matter  situated  at  a  certain  depth  within  our  globe,  except 
from  what  volcanos  bring  up  from  thence.  Now,  these  ejected  matters,  kll 
of  them  without  exception,  contain  water,  cither  in  mixture  or  in  com- 
bination.    We  ore  then  justified  in  thinking  that  water  plays  a  most 
important  part  indeed  in  the  principal  phenomena  that  proceed  from  the 
interior  of  the  earth.''— (Etudes,  &c.  p.  102.) 
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which  it  may  be  subjected* ;  and  when  altogether  hindered 
from  communication  with  the  atmosphere^  as  in  a  Papin's 
digester^  or  other  closed  vessel^  may  be  made  red-hot  without 
expanding  into  vapour.  The  moment^  however,  that  an  open- 
ing is  made  in  the  enclosing  vessel,  reducing  the  pressure  to 
that  of  the  atmosphere  only,  it  flashes  instantly  into  steam 
with  explosive  violence.  The  same  effect,  of  course,  must 
take  place  in  an  imperfect  liquid  or  paste  composed  of  water 
and  any  solid  matter  in  mechanical  suspension  or  mixture, 
such  as  flour,  clay,  sand,  or  any  other  granular  substance.  In 
a  future  page,  when  we  come  to  treat  of  the  mineral  character 
of  lava  rocks,  it  will  be  shown  that  there  is  reason  to  believe 
nearly  all  lavas,  at  the  time  they  are  erupted,  to  be  a  com- 
pound of  this  mixed  character — to  consist,  that  is,  of  more  or 
less  granular  or  crystalline  matter,  containing  minute  quanti- 
ties of  either  red-hot  water,  or  steam  in  a  state  of  extreme 
condensation  and  consequent  tension,  disseminated  intersti- 
tially  among  the  crystals  or  granules,  so  as  to  communicate  a 
certain  mobility  to  them  and  an  imperfect  liquidity  to  the 
compoimd  itself;  and  that,  although  at  an  intense  tempera- 
ture, lava  is  but  rarely  emitted  in  absolute  molecular  fusion, 
such  as  it  would  be  reduced  to  by  an  equal  or  perhaps  less 
degree  of  heat,  under  the  pressure  of  the  atmosphere  alone. 

Postponing,  however,  the  discussion  of  this  question  for  the 
moment,  it  is  shown  beyond  dispute,  by  the  evidence  of  the 
phenomena  described  above,  that  the  rise  of  lava  in  a  volcanic 
vent  is  occasioned  by  the  expansion  of  volumes  of  high- 
pressure  steam,  generated  in  the  interior  of  a  mass  of  lique- 

*  By  the  experiments  of  Kegnault;  it  appears  that,  under  a  pressure 
equal  to  twice  that  of  the  atmosphere,  water  does  not  boil  below  the  tem- 
perature of  249°.  Under  a  pressure  of  20  atmospheres  it  will  not  hoil 
below  that  of  416**.  The  observations  of  M.  Bunsen  on  the  pipe  of  the 
Great  Geyser,  the  water  in  which  increases  rapidly  in  temperature  from 
the  surface,  where  it  is  below  212**,  to  the  depth  of  60  feet,  where  it  is 
260^,  make  it  probable  that  within  a  narrow  and  irregular  fissure  a  pro- 
portionately less  amount  of  pressure  than  this  will  prevent  ebullitiou. 
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tii'd  :iii(I  licsitcd  iiuiicnil  matter  within  ui  beneath  the  eniptire 
oritur. 

'i*hr  ^rcat  I>ul)1)li*s  of  vupoiir  that  burst  from  its  surface  ou 
«A|M)siin*  to  tlic  o|M*ii  air,  in  explosions  which  form  tlie  dxvA 
t'ratiiri*  of  every  volcanic  eruption,  evidently  ascend  by  the 
fori'i'  «>f  their  (litlerviitial  8[)ccific  gravity,  from  a  certain 
tlejitli  %\llhlii  till*  iKjiliug  muss.  Dut  at  what  depth  those 
\olmiies  of  va|K)iir  were  generated  may  be  a  qui^tiou.  Pn>- 
IkJiH  llii.-o  is  (Icterniined  1)V  the  conditions  uf  the  lava,  in 
re-^lK-et  to  its  lii{uidity  and  spccrific  gravity,  and  the  tempera- 
ttnv  and  pr^'s^nrv^  to  wliieh  it  is  for  the  time  subjected.  The- 
nar row  n  ess  and  intricacy  of  the  fissure  through  which  it  rises 
nuist  also  exerciser  a  gresit  influence  in  this  respect.  Ami 
from  what  we  know  of  the  cluu'actcr  of  fissures  through  soliJ 
nM'ks,  esiKH'ially  such  ix»  ap{)car  from  their  contents  to  Iiavc 
ser\  ed  as  channels  of  discharge  for  erupted  lavas  (the  dykes 
of  \oIi>anie  districts),  it  seems  reasonable  to  sup|X)sc  that  if 
any  ainonnt  (»f  va|M)ur  is  generated  at  considerable  depths 
l)eneath  an  active  volcanic  vent,  it  only  reaches  the  external 
snrfa(u;  in  a  state  of  extreme  condensation,  and  entangled 
in  the  liijnid  lava  which  rises  with  it  mid  csca|>e8  outwardly, 
jnst  ns  any  other  tliiek  or  viscid  matter  exjx)scd  to  heat  from 
beneath,  in  a  it  arrow -mouthed  vessel,  boils  up  and  over  the 
lips  of  that  ap'jrture.  The  remaining  water  may  be  in  that 
globnlar  condition  which  the  experiments  of  M.  Boutigny  have 
siiown  this  finid  to  take  at  intense  tem^x^ratures,  and  which 
would  he  likely  to  communicate  a  high  degree  of  mobility  to 
the  particles  of  mineral  matter  among  whose  interstices  it 
was  confined.  The  tendency  to  vaporization  must,  however, 
ev(Mywlicrc  occasion  an  extreme  tension  or  expansive  force 
throughout  the  mass,  only  restrained  by  the  enormous  weight 
and  cohesion  of  the  superincumlxjnt  rocks. 

The  vast  cpiantity  of  aqueous  vapour  discharged  during 
every  volcanic  eruption  must  abstract  from  the  interior  of  tlie 
volcano  and  outwardly  disi)cr8c  a  proportionate  quantity  of 
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caloric.  The  mass  of  intensely  heated  lava  usually  expelled 
at  the  same  time  carries  forth  an  equal  or  still  greater  quan- 
tity. These  phenomena  therefore,  if  the  process  of  eruption 
continues  for  a  lengthened  period,  as  it  does  in  the  case  of  the 
permanently  active  vents,  attest  a  continual  accession  of  mere" 
ments  of  caloric  to  the  subterranean  mass  of  similar  matter 
with  which  that  in  the  vent  communicates,  proceeding  firom 
some  source  or  cause,  the  nature  of  which  it  is  not  at  this 
moment  my  intention  to  discuss.  In  the  case  of  these  per- 
manently active  vents,  it  would  seem  that  this  continued 
accession  of  heat  escapes  outwardly,  in  the  way  described,  as 
fast  as  it  is  received ;  by  which  an  equilibrium  is  maintained 
between  the  force  of  subterranean  expansion  and  that  of  re- 
pression, consisting  in  the  weight  and  cohesion  of  the  over- 
lyiug  rocks,  the  atmosphere,  and,  perhaps,  the  sea. 

This  equilibrium  seems,  indeed,  in  these  instances  to  be  so 
nicely  adjusted,  that  the  mere  ordinary  variations  in  the 
weight  of  the  atmosphere  are  sufficient  to  disturb  it  to  some 
extent.  The  inhabitants  of  Stromboli  positively  make  use  of 
their  volcano  as  a  weather-glass^.     The  Peak  of  Temate  in 

*  They  are  mostly  fishermen ;  and  while  engaged  in  their  occupations 
at  a  short  distance  from  the  island,  have  its  orifice  constantly  in  view ; 
and  I  was  assured,  by  all  whom  I  questioned  on  the  subject,  that  its 
phenomena  decidedly  participate  in  the  atmospheric  changes,  increasing 
in  turbulence  as  the  weather  thickens,  and  returning  to  a  state  of  com- 
parative tranquillity  with  the  serenity  of  the  sky. 

During  the  tempestuous  weather  of  the  winter  season,  the  eruptions  of 
the  volcano  no  longer  preserve  the  imiformity  which  characterizes  them 
the  greater  part  of  the  year.  The  explosions  are  then  often  so  terrible 
that  the  ishmd  seems  to  shake  from  its  foimdations ;  and  these  paroxysms, 
which  sometimes  last  for  days,  are  succeeded  by  intervals  of  complete 
quiescence,  of  a  few  hours'  duration,  which  are  in  turn  followed  by  other 
eruptions  of  similar  energy.  On  such  occasions  the  steep  fiank  of  the 
cone,  which  forms  the  inclined  plane  beneath  the  crater,  has  been  observed 
to  be  rent  in  two  bv  a  vertical  fissure,  which  emits  a  torrent  of  lava 
into  the  sea.  The  chasm  is  afterwards  sealed  again  by  the  consolidation 
of  the  lava,  and  is  covered  and  concealed  by  the  loose  fragments  ejected 
from  above. 
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the  Moluccas  is  said  to  break  out  with  greatest  violence  during 
the  equinoxes ;  and  in  other  habitually  eruptive  vents  a  similar 
correspondence  has  been  observed  between  their  activity  and 
any  sudden  or  prolonged  fall  of  the  barometer.  Nor  is  this 
other  than  what  might  be  anticipated.  The  boiling-point  of 
every  particle  of  the  water  contained  within  the  column  of 
lava  occupying  the  vent  must  vary  with  the  weight  of  the 
atmosphere;  and  even  where  outward  eruption  has  tempo- 
rarily ceased,  the  subterranean  expansive  force,  ever  active, 
and  contumally  pressing  upwards  with  gradually  increasing 
energy  as  it  receives  fresh  increments  of  heat,  must  be  at 
times  restrained  only  by  the  slightest  degree  of  superiority  in 
the  force  of  repression,  so  that  the  most  trifling  diminution 
in  one  of  the  elements  of  the  latter  may  suffice  to  give  the 
predominance  to  its  antagonist  and  occasion  a  renewal  of 
eruption. 

For,  in  the  case  of  an  intermittent  volcano,  it  is,  no  doubt, 
the  augmentation  of  internal  temperature  in  the  intervals  of 
external  repose,  during  which  heat  can  only  escape  from  its 
focus  by  the  slow  process  of  conduction  through  the  overlying 
solid  rocks,  that  brings  about  at  length  one  of  those  sudden 
and  violent  ruptures  in  these,  the  snap  and  jar  of  which  are 
felt  as  a  sudden  shock,  propagated  in  vibratory  undulations 
through  their  horizontal  extension  to  a  greater  or  less  distance 
— the  local  and  minor  earthquakes  already  mentioned  as  the 
usual  precursors  of  a  renewal  of  eruption  after  an  interval 
of  quiescence. 

Every  such  rupture  must  be  attended  by  some  amount  of 
vertical  displacement  or  elevation  of  the  overlying  beds  of 
rock,  giving  room  for  a  proportionate  expansion  of  the  lava- 
mass  beneath.  Sufficient  relief  will  be  thus  afforded,  perhaps, 
to  admit  of  the  generation  of  vapour  to  some  extent  within 
the  expanding  matter.  Whether  this  amount  of  vapour  re- 
mains disseminated  in  minute  parcels  through  the  mass  of  the 
lava  at  the  points  where  it  is  generated  (so  as  to  cause  a  sort 
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of  general  intumescence),  or  combines  into  globular  vesicles 
which  rise  to  the  surface  of  the  mass  by  virtue  of  their  infe- 
rior specific  gravity  and  collect  there  into  larger  volumes,  will, 
as  I  have  said,  probably  depend,  cceteris  paribus ,  on  the  greater 
or  less  liquidity  of  the  lava — ^that  is  to  say,  on  its  more  or  less 
complete  fusion,  or  disaggregation,  and  the  consequent  mobi- 
lity of  its  component  particles.  It  is  possible  that  in  the  case 
of  some  of  the  fine-grained  lavas,  most  nearly  reduced  to  ab- 
solute fusion,  and  especially  those  whose  specific  gravity  is 
high,  some  amount  of  vapour  at  a  high  degree  of  tension 
may  rise  from  the  inner  depths  of  the  subterranean  mass 
towards  its  surface,  and  form  there  blister-like  cavities  of 
considerable  size;  in  other  words,  that  in  these  instances  a 
certain  amount  of  subterranean  ebullition  may  take  place 
before  any  fissure  is  opened  so  far  as  to  afibrd  fi'ee  communi- 
cation with  the  open  air,  just  as  a  portion  of  condensed  gas  or 
vapour  rises  to  the  surface  of  water  in  a  soda-water  bottle  or 
in  a  high-pressure  steam-boiler  when  the  cork  of  the  first  or 
the  valve  of  the  last  is  for  a  moment  relaxed  and  a  partial 
expansion  permitted.  The  facts  favouring  this  view  are  the 
subterranean  sounds,  resembling  the  firing  of  distant  artillery, 
which  have  been  sometimes  heard  in  the  vicinity  of  a  volcano 
before  the  commencement  of  an  eruption,  and  which  I  would 
compare  with  the  bubbling  of  the  water  in  a  high-pressure 
engine,  and  other  evidence  to  be  hereafter  described,  that 
seem  to  indicate  the  existence  in  some  cases  of  considerable 
cavities  beneath  the  superficial  rocks  in  the  immediate  neigh- 
bourhood of  an  eruptive  vent.  In  such  cases  it  will  be  pro- 
bably the  increased  tension  of  the  vapour  contained  in  such 
a  cavity,  as  it  receives  further  additions  firom  the  boiling  lava 
beneath,  which  brings  on,  sooner  or  later,  the  explosive  burst 
with  which  an  eruption  at  times  commences.  But  there 
seems  reason  to  believe  that  such  cases  are  exceptional,  and 
that,  as  a  general  rule,  the  liquidity,  that  is,  the  mobility  of 
the  component  particles  of  the  lava,  is  too  imperfect  to  permit 
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the  vapour  generated,  if  any  be  generated  within  it  by  a  par- 
tial relaxation  of  the  eonfining  surfaees  while  it  is  still  in 
close  eonfinement  beneath  the  overlying  rocks,  to  expand  or 
agglomerate  into  volumes  of  any  size.  It  remains^  probably, 
for  the  most  part,  where  it  is  first  developed,  causing  a  general 
intumescence  of  the  mass,  or  of  such  portions  as  local  acci- 
dents may  allow  to  be  thus  expanded ;  but  neither  uniting 
into  large  vesicles  nor  rising  to  the  surface  until  some  of  the 
intumcsccnt  matter  has  forced  its  way  upwards  through  a 
fissure  so  far  as  to  obtain  a  free,  or  nearly  free,  communication 
with  the  outer  surface  of  the  earth,  and  to  be  subject  con- 
sequently to  the  pressure  of  the  atmosphere  only ;  and  there 
only  enters  into  positive  ebullition,  manifesting  its  presence 
externally  by  explosive  discharges  of  vapour,  jets  of  firag- 
mcntary  matter,  and  overflows  of  lava. 

It  is,  indeed,  unquestionable  that  a  very  considerable 
amount  of  dilatation  must  take  place  in  every  body  of  mineral 
matter  so  confined,  and  receiving,  as  in  the  case  supposed, 
augmentations  of  temperature,  before  the  vaporization  of  any 
of  its  contained  interstitial  water  can  commence,  viz.  during 
its  passage  from  a  state  of  solidity  (supposing  it  to  be  ori- 
ginally solid)  to  one  of  fusion,  or  even  of  imperfect  liquefaction. 
For  althoTigh  it  must  be  admitted  that  in  the  present  state 
of  science  little  is  known  of  the  real  nature  of  heat,  and  still 
less  of  the  changes  efiected  in  the  internal  structure  of  bodies 
by  increase  or  diminution  of  temperature  under  varying  con- 
ditions of  pressmre,  we  do  know  that  nearly  all  mineral  matter 
expands  and  contracts  with  every  change  of  temperature,  and 
that  with  intense  force.  According  to  Bischoff,  granite,  in 
passing  from  a  solid  to  a  fluid  state,  expands  from  "7481  to 
1-000,  trachyte  from  8109,  and  basalt  from  -8960;  that  is  to 
say,  these  rocks  occupy  from  nearly  one-fourth  to  one-seventh 
more  space  in  the  latter  state  than  in  the  former.  It  is  cer- 
tain  that  during  such  a  change  every  molecule  of  the  substance 
must  be  aftccted  in  its  position  by  internal  movement,  which. 
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irregnlar  as  it  may  be  in  its  local  action,  cannot  but  occasion 
more  or  less  of  mutual  friction  and  disintegration  among  the 
component  solid  and  angolar  particles.  It  wonld  seem  that, 
at  some  fixed  degree  of  temperature  and  amount  of  pressure 
(according  to  the  nature  of  the  mineral  substance),  the  disin- 
t^ration  caused  by  the  increase  of  temperature  dissolves  the 
cohesion  of  the  ultimate  or  molecular  partides  to  such  an  ex- 
treme extent  as  to  give  them  that  complete  fireedom  <^  moTC- 
ment  which  we  call  fun(m\  while  a  proportionate  diminution 
of  temperature  (or  increase  of  pressure)  rea^regates  them 
in  a  solid  mass,  though  not  always  in  the  same  crystalline 
forms.  But  between  perfect  solidity,  or  complete  stability  of 
the  component  particles,  and  absolute  fusion,  there  must  be 
many  intervening  degiees  of  partial  resolution  and  disaggrc 
gation,  producing  more  or  less  <^  softness  or  imperfect  liquidity 
in  the  substance.  Such  an  imperfect  fluidity  is  seen  in  the 
gradual  softening  of  sealing-wax  and  other  resinous  substances 
when  exposed  to  moderate  heat,  short  of  fteion.  A  still  closer 
analogy  may  be  found,  perhaps,  in  certain  stages  of  the  manu- 
facture <^  sugar,  when  the  matter  consists  of  a  soft  mass,  or 
'magma,'  of  granules  or  imperfect  crystals  enveloped  in  a 
Uquid  (syrup),  which,  being  subsequently  dried  by  evapora- 
tion or  drainage,  consolidates  into  a  hard  substance  formed 
of  interlaced  crystals. 

There  is  reason  to  believe,  as  will  be  shown  hereafter,  that 
lava,  at  the  time  of  its  eruption,  is  generally  in  this  pasty, 
imperfectly  liquid,  and  loosely  granular  condition,  and,  like 
sugar,  acquires  solidity  and  a  more  crystalline  texture  by  the 
escape  of  its  fluid  vehicle  while  cooling. 

At  what  depth  within  the  volcano-chinmey,  or  to  what  ex- 
tent a  subterranean  mass  of  lava  exists  in  this  condition  of 
softness,  pastiness,  or  imperfect  liquidity — at  what  depth  it 
still  remains  solid — or  at  what  points,  if  at  any,  it  is  reduced 
to  absolute  molecular  ftision — must  be  always  uncertain^  and, 
indeed,  necessarily  dependent  on  local  accidents  of  composi- 
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tioiiy  temperature^  and  pressure.  It  wonld^  however,  be  oou- 
sistcnt  with  many  physical  analogies  to  suppose  that  all  these 
several  conditions  may  often — ^perhaps  always — coezisty  and 
graduate  into  one  another,  in  the  reservoir  of  lava  which  un- 
questionably underlies  every  active  volcano. 

There  is  good  reason  to  believe  that  the  matter  which  has 
evidently  been  injected  forcibly  from  below  into  such  fissures  as 
open  themselves  in  the  overlying  rocks,  was  at  the  time  in  a 
pasty  or  semifluid  state,  and  this  condition  it  probably  acquired 
on  passing  from  one  of  more  or  less  complete  solidity  through 
the  dilatation  resulting  from  increase  of  temperature. 

The  fissures  broken  through  the  rigid  superincumbent  mass 
by  such  expansion  of  a  subjacent  body  of  lava  wUl  be  more  or 
less  vertical,  because  at  right  angles  to  the  strain — ^although 
probably  very  irregular  in  their  course  and  figure,  owing  to 
varying  accidents  of  composition  and  structure,  and  conse- 
quently of  cohesive  force^  in  the  several  rocks.  Moreover 
some  of  the  fissures  will  no  doubt  be  split  in  such  a  manner 
as  to  open  downwards — ^that  is,  to  have  their  wider  end  in 
that  direction ;  others  upwards.  The  former  wiU^  of  course, 
be  most  readily  injected  by  the  intumescent  lava.  Upon 
the  subject  of  the  production  and  direction  of  such  fissures, 
the  general  abstract  reasoning  of  Mr.  W.  Hopkins,  in  his 
paper  on  Theories  of  Elevation  and  Earthquakes'^,  is  probably 
indisputable.  He,  however,  contemplates  chiefly  the  case  of  a 
limited  superficial  area  of  solid  rock  affected  by  the  elevatory 
force  of  a  subterranean  ^  lake  ^  of  expanding  liquefied  matter, 
on  the  assumption  that  the  elevatory  force  as  well  as  the 
resistances  are  approximatively  equal  at  every  point  of  the 
lower  surface  of  the  solid  mass  above  it.  But  this  state  of 
things  can  scarcely,  I  apprehend,  ever  occur  in  nature.  What- 
ever be  the  source  of  that  increase  in  the  expansive  force  which 
occasions  the  change  from  a  stationary  condition,  it  must 
operate  sooner,  and  more  powerfiiUy,  at  some  one  point  than 

♦  Brit.  Assoc.  Keport,  1847. 
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at  any  others.  Moreover  the  resistances  cannot  be  equal 
throughout  the  whole  area  affected ;  on  the  contrary,  there  is 
sure  to  be  great  local  irregularity  in  them.  The  maanmum 
of  elevation  will  necessarily  take  effect  at  some  point  deter- 
mined by  the  relative  amount  of  these  antagonistic  influences. 
This  we  may  call  the  Centre  of  Dislocation. 

The  production  of  fissures  entirely  depends  on  the  cohesion 
and  rigidity  of  the  elevated  mass.  If  that  were  fluid,  or  soft 
and  yielding  to  pressure  like  mud,  or  loosely  aggregated  like 
sand,  there  might  be  much  change  of  place  among  the  particles, 
but  no  split  or  fissure  could  be  formed ;  and  the  fissuring  effect 
upon  solid  rocks  will  be  determined  chiefly  by  their  mechanical 
structure.  It  seems  to  be  a  property  in  the  substance  of  the 
far  greater  number  of  such  rocks  to  yield  to  pressure  in  more 
or  less  straight  and  prolonged  fractures.  Probably  this  is 
owing  to  their  component  particles  being  generally  flat-sided, 
and  arranged,  by  some  crystalline  or  concretionary  action,  in 
more  or  less  continuous  and  parallel  planes.  In  proportion  to 
the  degree  in  which  any  solid  partakes  of  this  peculiar  arrange- 
ment, it  will  tend  to  break  in  straight  and  also  parallel  planes, 
whether  in  the  case  of  primary  fissures  or  secondary  transverse 
ones.  Rocks  which  possess  a  jointed  structure  naturally 
yield  most  readily  in  planes  coincident  with  these  existing 
solutions  of  continuity,  which  are  nearly  always  straight  and 
parallel.  But  even  in  extended  solids  of  seemingly  imiform 
and  uninterrupted  structure,  it  is  remarkable  how  the  frac- 
tures approximate  to  rectilinear  planes.  In  a  sheet  of  ice,  for 
example,  fractured  by  pressure,  the  cracks  in  general  are  pro- 
longed through  considerable  distances  in  straight  lines,  with 
occasional  more  or  less  transverse  fissures  equally  rectilinear. 
The  propagation  of  such  cracks  is  rapid,  though  slow  enough 
to  be  visible,  and  accompanied  by  a  vibratory  movement  and 
sound — ^reminding  us  of  those  that  constitute  the  phenomena  of 
earthquakes,  when  the  crust  of  the  earth  seems  to  be  similarly 
rent  by  lengthened  rectilinear  fissures.    Even  substances  which, 
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like  glasSj  chinay  rcsin^  &c.^  have  what  is  called  a  conchoidal 
or  curved  fracture  in  the  solid,  yet,  when  extended  in  thin 
planes  and  exposed  to  dislocating  pressure,  break  in  more  or 
less  longitudinal  and  perpendicular  transverse  fisanres,  as  ii 
seen  when  a  pane  of  glass  is  starred  by  a  blow. 

Now,  if  we  suppose  the  rocks  above  a  subterranean  mass  of 
expanding  mineral  matter  to  have  such  an  internal  structure 
as  to  give  them  a  general  tendency  to  split  in  straight  longi- 
tudinal fissures  (and  this  must  almost  invariably  be  the  case, 
as  has  been  just  said),  the  fissures  first  formed,  at  the  moment 
when  the  clevatory  force  overcomes  the  resistance  caused  by 
the  cohesion  and  weight  of  the  superincumbent  mass,  will  open 
where  the  strain  is  greatest;  and  therefore,  in  the  upper 
surface  of  the  overlying  rocks  at  or  about  the  centre  of  the 
dislocated  area,  and  in  the  lower  surface  towards  its  lateral 
limits.  A  crack  formed  in  the  first  of  these  positions  will  be 
ra])i(11y  propagated  downwards  to  the  point,  or  plane  rather,  at 
which  aU  strain  ceases  and  compression  begins,  which  may  be 
called  the  pivot  or  '  neutral  axis '  of  fracture.  A  crack,  on  the 
other  hand,  taking  place  at  the  lateral  limits  of  the  affected  area, 
adjoining  the  parts  that  remain  unmoved,  will  first  open  at  the 
lower  surface  of  the  solid  rocks,  and  be  propagated  upwards. 
The  first  order  of  fissures  will  widen  towards  the  upper  side 
as  they  are  prolonged  down  to  the  neutral  axis,  but  will  be 
kept  forcibly  closed  below  that  level  by  horizontal  compression. 
The  second  or  lateral  order  of  fissures  will,  as  they  are  propa- 
gated upwards,  widen  towaixls  the  expanding  matter  beneath, 
which  will  experience  a  sudden  relief  fipom  pressure  at  that  spot, 
and  by  rapid  intumescence  inject  itself  into  and  up  the  fissure 
so  opened.  The  rocks  on  either  side  of  the  upper  portion  of 
these  last  fissures  will  also  be  exposed  to  violent  horizontal 
compression  perpendicular  to  the  direction  of  their  planes. 
But  inasmuch  as  the  outer  surface  presents  no  appreciable  re- 
sistance to  vertical  upward  movement,  the  effect  of  this  squeeze 
will  probably  there  be  to  elevate,  more  or  less,  j)ortions  of  the 
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Bur&ce  along  the  line  of  these  lateral  fissures,  and,  by  multiply- 
ing parallel  superficial  cracks  in  the  surface-rocks,  to  weaken 
their  resistance  to  the  effort  of  the  lava  injected  into  the  in- 
ferior portion  of  the  fisaoree  to  rise  through  them  into  com- 
munication with  the  outer  atmo^here.  On  the  other  hand, 
should  the  superficial  strata  be  soft  and  pliable,  this  horizontal 
squeeze  will  tend  to  compress  them  into  undulating  folds. 

The  accompanying  figure  is  intended  to  represent,  rudely 
and  approximatively,  the  probable  relative  position  of  these 
different  classes  of  fissure,  and  of  the  masses  of  displaced  rock 
divided  by  them. 

Fig.  4. 

Ideal  asction  of  a  masa  of  auperfloml  rocka  of  limited  area  elerated  by  ttu 
eipiuinon  of  mbjaoent  mineral  nutter. 


a  a,  Wiaauet  gaping  downwarda,  and  ii^ectAd  by  the  intumescent  hm  beneath. 
A  b,  FImokh  gaping  upwards,  and  allowing  wedgea  of  rock  to  drop  below  the 
leiel  of  llie  interrening  mHaes,  e  c,  Wedge*  forced  upwards  by  horiiontttl  com- 
prcarion.  *,/,  Neatral  plane,  or  piTot  aiia,  above  and  below  which  tha  direction* 
of  the  tearing  atnin  and  horizontal  compression  are  niTorally  indicated  by  the 
amaller  arrowa.  Htc  large  arrow  bennth  reproacnts  the  direction  of  the  maii- 
mtun  of  eipannve  force. 
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I  shall  have  occasion  to  refer  again  to  these  oonsiderations 
when  treating  of  the  elevatory  action  of  the  deep-seated  Pla- 
tonic forces ;  to  which  order  of  facts,  indeed,  they  more  pro- 
perly belong*. 

*  I  am  anticipating  here,  perhaps,  what  might  hare  been  postponed 
with  advantage  to  a  later  page ;  but  it  is,  in  truth,  impossible  to  distin- 
giiidh  the  action  of  the  subterranean  force  which  pushes  up  the  crystal- 
line axis  of  a  mountain  range,  elevating,  fracturing,  and  contortang  the 
stratified  rocks  above  it,  from  that  which  at  the  same  time,  and  by  the 
same  effort  in  all  probability,  opens  the  crevices  through  which  some 
portion  of  the  intimiescent  and  heated  matter  beneath  rises  into  free  oom- 
mimication  with  the  outer  air  in  a  volcanic  eruption. 

With  respect  to  the  particular  direction  of  the  primary  fiseores  thst 
are  likely  to  be  formed  in  a  mass  of  elevated  rocks,  it  is,  no  doubt»  deter- 
mined ehictiy  (as  I  imderstand  Mr.  Hopkins  to  indicate)  by  the  accidental 
portition  of  two  or  more  points  of  least  resistance  yielding  simultaneously, 
and  influencing  therefore  the  formation  of  a  connecting  fissure,  which, 
once  begun,  will  be  rapidly  propagated  in  the  same  direction  to  a  distance 
determined  by  circumstances.    And  similar  circumstances  will  determine 
also  the  position  of  transverse  fissures,  which  must  often  be  produced  by 
Uio  unequal  yielding  of  the  overlying  rocks  in  the  direction  along  which 
the  primary  fissures  are  propagated.    Secondary  parallel  fissures  will  be 
formed,  I  conceive,  on  either  side  of  the  primary  ones  by  the  dislocating 
eflect  of  the  passage  of  waves  of  vibration  caused  by  the  sudden  snap  of 
the  splitting  rocks,  and  propagated  in  directions  perpendicular  to  the 
split    The  primary  fissures,  in  this  view,  impress  their  position  on  sU 
the  lateral  ones,  except,  of  course,  so  far  as  deviations  may  (and  often 
must,  no  doubt)  be  occasioned  by  local  irregularities  of  resistsnoe.     I 
strongly  incline  to  the  opinion  that  it  is  the  jar  and  vibration  propagated 
through  the  contiguous  rocks  by  the  splitting  of  each  fissure  that  ooca* 
sions  all  earthquake-shocks,  whether  on  the  largest  or  the  smallest  scale ; 
differing  on  this  point  (though  wiiti  much  deference)  from  the  view  tsken 
by  Mr.  Robert  Mallet,  who  ascribes  them  to  a  blow  caused  by  the  sudden 
condensation  of  volumes  of  intensely  heated  steam  issuing  from  some 
fissure  beneath  the  sea.    Mr.  Hopkins  appears  inclined  to  take  the  same 
view  of  this  question  as  myself  (p.  00,  loc.  ctt,).     So  also  Mr.  Darwin 
(Geol.  Trans.  2ud  ser.  vol.  v.).    Mr.  Hopkins  refers  to  the  observation  fre- 
quently made  in  regard  to  the  position  of  displaced  strata  on  either  side  of 
faults,  >iz.  that  the  side  which  has  risen  highest  is  that  towards  which  the 
fault  inclines  in  ascending,  and  explains  it  by  the  suggestion  that  when 
wedge-shaped  portions  of  superficial  rock  intervene  between  non-parallel 
fissures,  those  wedges  which  have  their  narrow  ends  downwards  will  be 
less  acted  on  by  the  elevating  force  than  the  neighbouring  portions  whose 
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In  the  meantime  it  is  certain  that^  in  whatever  part  of  the 
disturbed  area  they  may  be  formed^  those  fissures  which  open 
first  at  the  lower  surface  of  the  overlying  rocks,  and,  as  they 
extend  themselves,  gape  or  widen  downwards  towards  the  intu* 
mescent  mass  beneath,  wiU  be  instantly  injected  with  its  most 

broad  ends  lie  downwards — that  is,  towards  the  point  whence  the  move- 
ment travels  (p.  63,  op,  cU.),  This  is  perfectly  just,  so  far  as  relates  to 
the  fissures  or  faults  formed  about  the  central  portion  of  the  elevated 
area,  and  with  the  understanding  that  the  effect  does  not  depend  on  the 
broad-bottomed  wedges  actually  reaching  down  to  the  intumesoent  lava- 
mass  below ;  since  it  would  be  equally  the  case  through  whatever  inter- 
vening thickness  of  irregularly-dislocated  or  fragmentary  rock  the  move- 
ment might  be  transmitted — being  caused  by  the  greater  leverage  afforded 
to  the  upward  pressure  by  their  extended  lower  surfaces,  and  also  by  the 
outward  gaping  (as  I  may  call  it)  of  the  superficial  fissures,  which  gives 
room  for  such  wedge-shaped  slices  of  rock  as  have  their  fine  edge  down- 
wards, to  drop  by  virtue  of  their  own  weight,  or  remain  stationary,  while 
the  broader-based  portions  are  forced  up  on  either  side  (fig.  4).  But 
with  respect  to  such  fissures  as  may  reach  the  surfiEice  about  the  lateral 
limits  of  the  upheaved  area,  where  the  rocks  are  in  a  state  of  compression, 
such  wedge-shaped  slices  as  are  there  broken  off  will  tend  to  rise  (as 
already  said),  nUher  than  fall,  above  the  level  of  the  adjoining  beds — 
being  forced  outwards  by  the  squeeze  resulting  firom  the  vertical  and 
horizontal  pressures  combined  (unopposed  by  any  appreciable  pressure 
firom  above), — just  as  we  see  wedge-shaped  chips  split  off  and  forced 
outwards  from  the  edges  of  any  crack  formed  in  the  same  relative  posi- 
tion through  a  rigid  mass  of  stone  or  metal  which  is  broken  across  by 
pressure. 

Mr.  Hopkins*s  idea  seems  to  be,  that  the  horizontal  compression  or  lateral 
crushing  of  the  elevated  strata  is  owing  to  their  subsequent  subsidence 
in  portions  leaning  against  each  other  at  irregular  angles,  ^'  for  want  of 
sufficient  support  to  maintain  them  in  their  more  elevated  position''  after 
the  outward  escape  of  the  elastic  vapours  to  whose  generation  the  eleva- 
tory  action  is  attributed.  And  Mr.  Darwin  (loc,  cit.)  agrees  with  him  in 
tills  view.  In  my  opinion,  as  will  be  seen  from  the  statement  and  dia- 
gram given  above,  the  horizontal  compression,  the  effects  of  which  are  so 
conspicuous  iif  all  greatly  elevated  strata,  proceeds  from  the  same  cause 
as  that  which  is  known  to  be  produced  in  a  beam  fixed  at  either  end,  and 
broken  by  upward  pressure  at  its  centre, — a  compression  taking  effect  in 
the  cenlnd  part  beneath,  and  in  the  lateral  parts,  adjoining  the  fixed 
extremities,  above  a  neutral  line  or  'pivot  axis.'  This  view  will  be 
lurther  insisted  on  when  the  elevation  of  mountain-chains  and  the  con- 
volutions of  their  lateral  strata  come  under  our  consideration. 

e2 
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fluid  matter^  which  will  be  in  a  maniisr  forcibly  pumped  or 
sucked  up  into  the  smallest  no  less  than  the  largest  rents 
there  formed^  by  the  tremendous  hydrostatic  pressure  to  which 
any  liquid  in  such  a  position  must  be  exposed.  Such  injected 
fissures^  when  the  lava  is  subsequently  cooled  and  consolidated^ 
appear  as  more  or  less  vertical  dykes  traversing  the  surfiioe- 
rocks^  but  not  generally  effecting  any  disturbance  in  their 
l)Osition. 

It  is  a  well-known  fact  that  up-filled  dykes  of  the  kind  are 
very  numerous  in  all  volcanic  districts^  especially  in  the  viciuity 
of  the  eruptive  orifices.     For  example^  in  St.  Helena^  Mr. 
Darwin  describes  the  surface  of  some  of  the  plains  as  reticu- 
lated with  numberless  dykes  of  basaltic  lava,  intersecting  each 
other  almost  like  the  threads  of  a  spider's  web.     Multiplied 
dykes  of  the  kind  are  seen  in  the  clifis  bordering  the  ancient 
crater  of  Somma  (the  Atrio  del  Cavallo),  in  that  of  Etna  (the 
Val  del  Bove),  in  the  central  gorges  of  the  Mont  Dore  and 
Cautal,   and  generally  in  the   axial  regions  of  all   volcanic 
mountains, — ^indeed,  wherever  lavas  have  been  erupted,  and  the 
structure  of  the  inferior  rocks  has  been  disclosed  by  subsequent 
denudation  or  other  destructive  influences.     They  are  natu- 
rally most  abundant  in  those  compound  cones  or  volcanic 
mountains  of  which  we  shall  presently  treat,  the  product  of  the 
accumulation  of  repeated  eruptions.     The  horizontal  exten- 
sion of  some  vertical  dykes  is  very  great — the  fissure  occupied 
by  the  lava  having  probably  been  opened  by  degrees  to  farther 
distances.     In  the  great  Icelandic  eruption  of  Skaptar  Jokul 
in  1783,  lava  was  emitted  consecutively  at  several  points  on  a 
linear  range  of  200  miles.     No  doubt  an  underground  fissure 
of  this  length  at  least  was  injected  with  lava  by  tjiat  eruption, 
and  remains  now  as  a  dyke  traversing  the  substrata,  similar  to 
those  which  in  the  North  of  England  are  found  cutting  through 
the  coal-measures  and  oolites  of  Durham  and  Yorkshire  for 
distances  of  sixty  miles  and  more  in  a  straight  line.     Such 
fissures,  in  the  neighbourhood  of  active  volcanos,  are,  of  course. 
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generally  concealed  firom  view  by  the  showers  of  ejected 
matters.  Nor  is  it  necessary  to  suppose  that  they  every- 
where reach  the  outer  surface.  Their  existence  ia  often  only 
disclosed  by  a  sinking-in  of  the  loose  ground  along  their 
course.  The  earlier  dykes  of  this  kind^  observable  in  districts 
where  the  sm&ce  has  suffered  much  denudation^  occasionally 
swell  out  suddenly  at  spots  which  probably  mark  the  points 
where  lava  reached  the  surface  and  was  outwardly  enq>ted  at 
the  date  of  the  injection  of  the  fissure. 

For  when  penetrating  such  a  fissure,  the  injected  matter 
pressing,  with  all  the  force  of  its  own  tension  and  the  impul« 
sion  it  receives  from  beneath,  against  the  sides  of  the  cleft, 
must  operate  like  a  wedge  to  widen  and  extend  it.  Hence, 
sooner  or  later,  perhaps,  according  to  the  rate  of  increase  in 
the  temperature  and  consequent  tension  of  the  inferior  lava- 
mass,  at  some  weakest  point  or  points  of  one  of  the  fissures — 
a  point  weakened  possibly  by  the  superficial  rupturing  referred 
to  above  as  arising  from  horizontal  compression  in  the  upper 
lateral  surfSeu^es  of  an  elevated  area — an  opening  will  be  forced 
sufiSiciently  high  to  permit  the  lava  to  boil  up  into  contact 
with  the  atmosphere,  and  the  volumes  of  vapour,  which  must 
upon  this  instantly  develope  themselves  within  the  intensely 
heated  matter  at  greater  or  less  depth,  and  struggle  up  through 
the  vent  thus  obtained  to  the  surface,  in  rapidly  enlarging 
bubbles,  wiU  burst  thence  with  explosive  violence,  in  the 
manner  already  described  as  characteristic  of  a  volcanic 
eruption. 

The  pressure  upon  such  bubbles  of  steam  as  they  rise 
through  the  fissure  must  be  so  intense,  from  the  great  weight 
of  the  column  of  lava  above  them,  and  the  pinching  squeeze 
of  the  rocks  on  either  side — which  the  swelling  wedge  of 
lava  expands  and  keeps  apart — that  they  probably  occupy  a 
very  small  comparative  bulk  until  they  approach  the  open  air, 
when  they  will  flash  out  at  once  with  an  energy  proportioned 
to  their  tension  and  previous  compression,  much  in  the  manner 
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of  ignited  powder  in  a  gun-barrel.  And  tbis  flasb  taking  place 
at  some  deptb  witbin  tbe  tbroat  of  tbe  vent  must  tend  to 
break  up  tbe  sides  of  tbe  fissure  at  tbis  point,  and  dischaige 
tbe  fragments  broken  from  tbem  in  a  vertical  jet,  just  as  tbe 
ignition  of  gunpowder  witbin  tbe  breecb  of  a  gun-barrel  tends 
to  burst  it,  and  drive  out  any  opposing  substance  witb  great 
force  from  its  muzzle  in  tbe  direction  of  tbe  barrel's  length. 
In  trutb,  tbe  aeriform  explosions  of  a  violent  eruption  bave 
all  tbe  characters  of  successive  continuous  discbarges  of  steam 
from  tbe  moutb  of  a  colossal  Perkins's  steam-cannon  in  a 
vertical  position.  It  is,  no  doubt,  tbe  equal  pressure  of  tbe 
elastic  steam-bubbles  on  every  side,  as  tbey  explode  in  tbe 
widest  part  of  tbe  fissure  of  discbarge,  wbicb  gives  to  that 
orifice  ultimately  tbe  circular  or  nearly  circular  form  so  di- 
stinctive of  volcanic  craters.  No  other  cause  is,  I  conceive, 
capable  of  accounting  for  this  universal  peculiarity  of  figure. 

Nevertheless  the  pinch  sustained  by  tbe  ascending  bubbles 
from,  the  sides  of  tbe  fissure  does  frequently  occasion  the 
cavity  to  take  an  elliptical  form.  Indeed,  many  volcanic 
craters,  when  tbe  eruption  has  broken  through  solid  rock,  are 
not  merely  elliptical  in  their  horizontal  section,  but  show,  at 
tbe  extremities  of  their  longest  axes,  evident  signs  of  tbe 
further  prolongation  of  the  fissure,  through  tbe  weakest  point 
of  which  the  eruption  forced  its  way.  Such  a  cleft  was  visible 
in  tbe  cone  of  Vesuvius  after  tbe  great  eruption  of  1822,  in  a 
deep  depression  across  tbe  south-eastern  lip  of  tbe  crater ; 
and  a  similar  fissure  was  remarked  during  tbe  eruptions  of 
1852-6,  according  to  MM.  Deville  and  Roth.  I  shall  Have 
occasion  to  mention  many  more  instances  in  a  ftiture  chapter. 
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CHAPTER  V. 

DISPOSITION  OF  FRAGMENTARY  EJECTIONS. 

§  1.  It  is^  then^  by  the  rapid^  continuous^  and  explosiye  dis- 
cliarge  of  steam-bubbles,  ascending  from  some  depth  within 
lava  which  has  forced  its  way  up  some  fissure  to  the  outer 
sur£Eu:e,  that  this  orifice  is  gradually  enlarged,  the  intercepting 
matter  blown  into  the  air,  and  a  *  crater'  formed  of  a  magnitude 
proportioned  to  the  yiolence  and  duration  of  the  eruption.  But 
though  the  matters  ejected  at  first  consist  principally  or  wholly 
of  the  debris  of  the  solid  rocks  broken  through,  no  sooner 
has  the  surface  of  the  lava,  boiling  up  in  the  way  we  have 
described,  risen  sufficiently  high  within  the  vent,  than  jets  of 
this  liquid  and  incandescent  matter  are  tossed  up  likewise,  and 
ragged  fragments  torn  off  from  the  solid  crust  that  instantly 
tends  to  form  upon  its  exposed  surface.  Thus  a  rising  foun- 
tain and  falling  shower  of  such  incandescent  and  fragmentary 
matter  is  seen  reaching  upwards  to  a  greater  or  less  height — 
in  paroxysmal  eruptions,  to  one  of  several  thousand  feet. 

The  force  with  which  these  discharges  occasionally  take 
place  may  be  conceived  from  the  fact  recorded  by  Ulloa*, 
that  by  the  eruption  of  Cotopaxi  in  1533,  witnessed  by  the 
Spaniards  under  Sebastian  de  Belelcazar,  the  plain  around  the 
foot  of  the  mountain  was  strewed  through  a  radius  of  fifteen 
miles  and  more  with  great  fi*agments  of  rock,  many  of  which 
measured  as  much  as  nine  feet  in  diameter. 

Humboldt,  indeed,  speaks  of  one  rock,  weighing  upwards  of 
200  tons,  as  having  been  launched  into  the  air  to  a  height  of 
several  hundred  feet  during  an  eruption  of  this  same  volcano. 

♦  Voyage  Historique  de  TAm^rique  M^ridionale,  t  i.  p.  264. 
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Some  of  the  more  liquid  portions  of  the  biva  shot  up  aflsnmey 
by  rotation  through  the  air^  a  globular  or  pear-shaped  figure. 
These  are  the  volcanic  '  bombs'  often  found  in  the  vicinity  of 
an  eruptive  vent ;  and  as  thejr  can  only  be  produced  in  the 
manner  here  indicated,  their  occurrence  on  any  spot  affords  a 
useftd  indication  of  the  site  of  an  eruption  at  some  former 
period,  when  other  signs  are  perhaps  wanting*.  Their  nudeus 
is  usually  compact,  and  sometimes  consists  of  a  solid  firag- 
mcnt  of  some  earlier  rock  caught  up  and  enveloped  in  the 
liquid  lava;  but  towards  the  surface  they  have  a  vesicular 
envelope  beneath  an  outer  shell  of  compact  texture.  In  size 
they  vary  from  that  of  the  largest  block  in  a  man-of-war's 
rigging,  to  that  of  a  nut  or  almond. 

The  great  bulk  of  the  ejected  fi-agments  of  lava,  cocking 
rapidly  in  their  passage  through  the  air,  possess  ragged,  tat- 
tered shapes,  and  when  examined  are  found  to  be  foil  of  vesi- 
cles. Those  of  the  heavier  ferruginous  lavas  are  called 
^  %coruBy  from  their  resemblance  to  the  cinders  or  slags  of 
iron-fumaccs.  The  scoriss  of  the  felspathic  lavas,  which  have 
an  inferior  specific  gravity,  are  usually  still  more  vesicular  or 
filamentous,  and  have  a  vdtreous  fracture.  They  are  called 
^pumice/  In  some  cases  whero  the  lava  is  peculiarly  tena- 
cious and  tough,  it  is  drawn  out  into  filaments,  having  a 
silky  lustre  almost  equal  to  that  of  asbestos. 

As  the  eruption  progresses,  the  surface  of  the  lava  sinks 
within  the  vent  more  or  less  rapidly,  owing  either  to  its  out- 
flow from  some  orifice  at  a  low  level  in|the  flank  of  the  vol- 
cano, or  to  the  exhaustion  of  the  subterranean  eruptive  energy 
by  loss  of  heat  through  the  amount  of  vapour  discharged  from 
it.  The  eructations,  therefore,  by  degrees  lose  their  power  of 
projecting  fragmentary  matter  beyond  the  borders  of  the 

♦  The  greater  number  of  ancient  basaltic  currents  which  cover  the 
slopes  of  the  Monts  Dorc  and  Cantal  may  be  traced  up  to  some  knoll  in 
the  higher  parts  of  either  mountain,  within  and  about  which  such '  bombs' 
are  found,  as  well  as  numerous  scoria),  attesting  the  source  in  each  case 
«)f  the  lava-stream. 
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crater,  and  the  repeated  trituration  of  the  firagments  that  fall 
within  it,  and  are  oontinaally  re-ejected,  aeems  to  stifle  the 
explosions  beneath  an  aocomnlation  of  fine  but  heavy  dust. 
They  become  weaker  and  weaker,  until  they  terminate  alto- 
gether. At  times,  however,  the  explosions  from  the  crater 
first  formed  cease  more  suddenly,  being  transferred  to  some 
other  orifice  opened  in  the  vicinity.  And  this  migration  of 
the  eruption  is  occasionally  repeated  to  several  vents  opened 
in  succession  along  a  straight  line,  which  indicate,  no  doubt, 
the  course  of  a  subterranean  fissure.  Sometimes  also,  after  a 
partial  cessation,  the  eruption  recommences  with  renewed 
vigour,  as  if  from  a  fi'esh  effort  of  the  intumescent  lava  be* 
neath  causing  the  sudden  enlai^ment  of  the  fissure. 

Of  the  smaller  fragments  ejected  vertically  6rom  an  erup- 
tive vent,  those  which,  by  their  mutual  friction  in  the  air, 
have  been  reduced  to  a  sort  of  gravel  of  rounded  scoriae,  are 
called  lapillo  by  the  Italian  geolc^sts — a  word  sometimes 
corrupted  into  rapilli ;  when,  by  still  further  attrition,  they  are 
comminuted  into  sand,  puzzolana ;  and  when  brought  to  the 
condition  of  fine  dust,  ceneri,  or  ashes.  The  lapillo  is  generally 
of  a  deep-black  colour ;  the  puzzolana  is  red,  like  burnt  brick- 
dust  ;  the  fine  ashes  are  of  a  whitish  grey.  But,  of  course, 
the  three  kinds  are  often  found  mixed  together,  as  well  as  with 
the  detritus  of  older  rocks  through  which  the  explosions  have 
forced  their  way.  It  is  probably  by  the  intense  mutual  fric- 
tion, in  the  air,  of  these  ejected  solid  matters,  that  the  elec- 
tricity is  generated  which  often  manifests  itself  abundantly  in 
forked  lightnings  darting  from  the  edges  of  the  dense  ascend- 
ing column.  During  the  great  Vesuvian  eruption  of  1822  they 
were  continually  visible,  and  added  much  to  the  grandeur  of 
the  spectacle. 

§  2.  The  finest  ash,  reduced  to  an  impalpable  grey  powder, 
especially  towards  the  close  of  a  paroxysmal  eruption,  when 
the  crater  has  been  much  enlarged,  and  the  lava  has  sunk  deep 
within  it,  is  borne  by  the  winds  that  may  prevail  at  the  time 
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to  distances  which  are  occasionally  prodigious — ^measured  in- 
deed by  many  hundreds  of  miles.  The  coarser  fragments  heap 
themselves  necessarily  around  the  orifice  of  projection,  in  more 
or  less  abundance  according  to  the  violence  and  duration  of 
the  eruption,— accumulating  there  in  the  form  of  a  circular 
bank,  which  increases,  as  the  eruption  continues,  into  a  hill 
having  the  figure  of  a  truncated  *  cone,'  usually  with  a  funnd* 
shaped  hollow  or  '  crater '  at  its  summit,  marking  the  mouth 
of  the  eruptive  vent.  The  outer  sides  of  such  a  circular 
mound  or  cone,  the  product  of  a  single  eruption,  slope  at  an 
angle  of  from  20°  to  85®,  or  even  40° — determined,  like  the 
slope  of  any  ordinary  talus  of  debris,  by  the  average  coze,  form, 
and  coherence  of  the  component  fi'agments.  The  scorie, 
however,  ejected  from  a  volcanic  vent,  being  mostly  in  a  heated 
state,  will  often  cohere  and  become  immoveable  at  a  steeper 
average  angle  of  inclination  than  ordinary  debris.  Cinder- 
cones  of  this  kind,  the  product  of  loose  fragmentary  ejections 
from,  a  single  vent  by  a  single  eruption,  are  among  the  com- 
monest and  most  characteristic  features  of  almost  every  vol- 
canic district.  They  vary  in  size  from  that  of  a  hay-stack  to 
a  hill  more  than  a  thousand  feet  in  height  and  two  or  three 
miles  in  circumference.  On  the  flanks  of  Etna,  according  to 
Sartorius  von  Walterhausen,  more  than  seven  hundred  such 
are  to  be  seen ;  in  the  island  of  Hawaii,  according  to  Professor 
Dana,  several  thousand ! 

A  favourable  field  exists  for  the  study  of  the  varieties  of 
figure  assumed  by  such  hills  of  scorisB  thrown  up  by  single 
eruptions,  and  of  the  circumstances  to  which  they  owe  their 
numerous  modifications,  in  the  French  provinces  of  Auvergne, 
the  Velay,  and  the  Vivarais.  The  chain  of  Puys  near  Cler- 
mont (D^pt.  Puy  de  D6me)  contains  above  sixty  volcanic 
cones  strung  together  on  nearly  the  same  line,  reaching  about 
twelve  miles  in  length ;  and  again,  in  its  continuation  (pro- 
bably marking  a  subterranean  fissure)  through  the  Velay  and 
Vivarais,  upwards  of  two  hundred  similar  cones  are  closely 
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scattered  in  a  narrow  band  about  twenty  miles  in  length. 
From  among  this  great  number^  examples  may  be  observed  of 
eompofmd  cones,  evidently  thrown  up  from  two^  three,  four,  or 
many  more  points  of  explosion  on  the  same  fissure.  Some- 
times a  string  of  cones  has  been  produced  from  vents  so  near 
as  to  mingle  their  ejections,  but  still  sufficiently  removed  for 
each  hillock  to  retain  a  certain  d^ree  of  r^ularity  towards 
its  centre,  by  which  its  individuality  can  be  recognixed ;  or 
a  long  narrow-topped  ridge  (such  as  the  Italians  appropri- 
ately call  schUna  uPasino,  ass's  bac^)  has  been  thrown  up  by 
the  simultaneous  action  of  numerous  vents  on  the  same  fissure 
so  close  to  each  other  that  their  products  are  completely 
confounded. 

The  long  axis  of  such  a  ridge,  as  well  as  of  the  neighbouring 
isolated  cones,  most  of  which  will  be  more  or  less  elliptical, 
have  usually  the  same  direction  with  the  general  chain  of 
which  they  form  a  part,  and  which  probably  attests  that  of 
the  original  fissure  in  which  the  overlying  rocks  first  yielded 
to  the  force  of  subterranean  expansion. 

Vesuvius  affords  an  instance  of  the  production  of  five  small 
closely  connected  cones  on  the  same  fissure  immediately 
above  Torre  del  Greco,  created  successively  by  the  eruption 
which  destroyed  a  part  of  that  town  in  1794.  In  fact,  all  the 
parasitical  cones  thrown  up  by  lateral  eruptions  on  the  flank 
of  a  volcanic  mountain  are  of  this  character,  and  usually 
arranged  more  or  less  in  strings  radiating  from  its  centre. 

In  the  Prussian  province  of  the  Eifel,  on  the  left  bank  of 
the  Rhine,  are  a  considerable  number  of  independent  cones 
presenting  very  similar  features  to  those  of  Auvergne.  So, 
too,  in  the  Australian  province  of  Victoria,  it  appears^  from 
the  report  of  Captain  Smyth''^,  that  several  hundred  cones  of 
scorise  are  to  be  seen  spread  over  the  country,  which  have 
poured  forth  vast  beds  of  basalt  covering  an  area  of  some 
3500  square  miles.     Mr.  Heaphy  describes  a  large  number  of 

•  GeoL  Joum.  1868,  p.  228. 
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nmilar  cones  in  New  Zealand,  near  Auckland,  each  of  which  has 
prodoced  its  lava-cuirent.  In  the  island  (^  Lancerote  neariy 
a  hundred  such  were  thrown  up  by  the  tenific  emptioa  of 
1730,  described  by  Von  Buch,  in  a  straight  line  crossing  the 
whtje  island.  At  Jorullo,  in  Mexico,  six  cones  were  produced 
upon  a  fissure  of  this  character  by  an  eruption  in  ]  759. 

§  8.  In  its  internal  structure  every  such  cinder-oone  will 
possess,  of  course,  some  rude  stratification,  analt^ous  to  that 
of  alluvial  gravel, — one  layer  of  fragmentary  matters  covering 
another,  of  a  somewhat  varied  character,  according  to  the 
clianging  accidents  of  their  gection  into  and  &11  from  the  air ; 
and  these  beds,  being  superposed  more  or  less  conformably, 
will  necessarily  have  what  is  called  a  quaquaversal  outward 
dip,  from  a  vertical  plane  passing  through  the  curved  ridge 
of  the  cone.  Moreover,  where  a  crater  has  been  left  at  the 
tcnninatioD  of  the  eruption,  there  vrill  be  another  and  oppo- 
site talus  formed  in  its  interior  by  the  accumulation  of  the 
fragments  that,  especially  towards  the  close  of  the  eruption, 
have  fallen  into  or  rolled  down  the  internal  slopes  of  this 
cavity ;  and  these  will,  in  like  manner,  form  beds  having  an 
Maternal  concentric  dip  in  the  opposite  direction,  that  is, 
towards  its  centre,  from  the  vertical  plane  of  the  rim.  Thus, 
a  section  of  such  a  couc  will  present  more  or  less  the  appear- 
ance given  below. 


This  is  not  a  mere  liyimtliesis,  for  such  a  double  or  anti- 
clinal annular  dip  may  be  seen  in  natural  section?  afforded  by 
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numerooB  volcanic  cones ;  as,  for  example,  among  tho«e  of  the 
Azores,  according  to  Mr.  Darwin,  and  tbo«e  of  the  Phl^rsan 
fields  near  Naples.  The  accompanying  voodcnt  (fig.  6)  ex- 
hibits that  of  the  cone  ffnroing  the  Cape  of  Misennm,  the 
northern  horn  of  the  Bay  of  Pozmoli. 


Natnnl  Moticn  of 


oone,  fonning  the  Cape  of  MiwDom. 


IHg.  7  is  a  view  of  Graham  Island,  off  the  S.W.  coast  of 
Sicily,  taken  by  M.  Joinville  in  September  1831,  just  b^ore 
its  final  dis^pearance,  in  which  nmy  be  seen  the  same  internal 
dip  of  the  beds  that  composed  the  nucleus  of  the  cone.  These, 

Kg.  7. 


Orabaia  hie,  or  Ids  Julie,  u  it  appeared  in  Sq>tfimber  1631. 

&om  their  proximity  to  the  vent,  were  no  doabt  more  firmly 
compacted  by  heat  than  the  outer  strata,  and  from  this  cause 
no  less  than  &om  their  central  position  were  likely  to  resist 
longest  the  destructive  action  of  the  waves.     Such,  too,  is 
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exactly  tbe  structure  of  the  small  crateriform  island  on  the 
coast  of  St.  Michael  ia  the  Azores,  near  Villafiranca,  described 
by  Mr.  I>arwin*;  and  other  instanoes  will,  no  doubt,  occur  to 
every  one  who  ia  conversant  with  volcanic  districts. 

The  strata  of  the  external  mass  of  the  hill  will  be  on  all 
sides  approsimatively  parallel  to  its  outer  surface  (unless  this 
has  been  subsequently  degraded);  and  their  strike  will  be 
circular,  inclining  to  elliptical,  should  the  orifice  from  which 
the  explosions  proceed  be  wider  in  one  direction  than  in 
another,  or  (as  must  often  happen)  a  fiBsnre  which  allowed  of 
their  escape  from  more  than  one  contiguous  point  in  the 
direction  of  its  length.  Indeed,  the  multiplication  of  such  con- 
tiguous orifiees  occasions,  as  I  have  said,  in  many  instances, 
the  production,  in  lieu  of  a  regular  cone,  of  a  long  ridgy 
hill,  having  perhaps  several  craters  in  a  line,  marking,  no 
doubt,  the  direction  of  the  internal  iissure ;  but  sometimes 
without  any  crater  at  all,  the  irregularity  of  the  ejections 
having  obliterated  all  such  hollows. 

The  recognition  of  the  dip  of  the  inner  beds  of  a  volcanic 
cone  towards,  not  from,  the  point  of  eruption  is  of  some 
importance,  since  otherwise  there  would  be  a  difficulty  in 
accounting  for  their  apparent  uuconformability  and  insu- 
larity.    This,  indeed,  becomes  still  more  complicated  when 

Fig.  8. 


Seebon  of  Fnj  Ponoa  (Aureigne) 

there  has  likewise  been  that  shifting  of  the  explosive  action 

to  fi^sh  points  upon  the  subjacent  fissure,  already  alluded 

"  '  \'ol(.-aui<:  Island^,'  p.  lOS. 
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to  as  very  frequent,  by  which  a  doable  or  compound  cone  is 
produced.  One  example  of  the  simplest  kind  may  be  found 
in  the  very  perfect  double  cone  called  the  Puy  de  Fariou, 
among  the  Monts  Ddme,  of  which  a  plan  and  ideal  section 
are  appended  (figs.  8  &  9). 

Kg9 


PUn  of  Om  P117  Fanon. 

Violent  winds  prevailing  in  any  one  direction  during  the 
eruption,  by  causing  the  ejected  matters  to  fall  most  plenti- 
fully to  leeward  of  the  vent,  will  also  modify  to  a  considerable 
extent  the  form  assumed  by  them.  According  to  M.  Moreau 
de  Jonnes,  the  fragmentary  tgectiona  of  the  volcanos  of  the 
Leeward  Isles  have  uniformly  accumulated  in  much  greater 
quantity  to  the  westward  of  the  vents  than  on  the  opposite 
side;  evidently  through  the  influence  of  the  trades,  or  con- 
stant east  winds,  that  predominate  in  those  seas.  Mr.  Darwin 
makes  the  same  remark  of  the  volcanic  cones  of  the  Padfic 
that  occur  within  the  range  of  the  '  trades.' 

It  is  evident  that  many  other  modifications  of  the  normal 
figure  and  structure  of  a  volcanic  cinder-cone  must  be  occa- 
sionally  brought  about  by  a  variety  of  accidental  circumstances 
— such  as  the  original  inequality  of  the  surface  upon  which  the 
ejected  matters  accumulated;  the  degrading  effects  of  the 
waves  or  currents  of  the  sea,  if  it  be  exposed  to  them,  or  of 
torrents  of  water,  caused  by  the  violent  rains  which  are  often 
observed  to  accompany  or  follow  eruptions;  or  the  bursting  of 
lakes  subsequently  occupying  the  bottom  of  the  crater ;  or 
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the  sudden  melting  of  snow,  should  the  eruption  occur  during 
the  winter;  and  other  causes,  to  which  I  shall  have  occasicm 
to  recur. 

But,  aboTC  all,  the  form  and  structure  of  a  simple  volcanic 
COQC,  the  product  of  a  single  eruption  (which  alone  is  now 
under  our  consideration),  arc  most  oflcD  materially  modified  bj 
that  outburst  of  lava  which  usually  accompauies  the  ejection 
of  fragmentary  matters,  to  the  consideration  of  which  I  now 
proceed. 
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CHAPTER  VI. 
OUTFLOW  AND  DISPOSITION  OF  LAVA. 

§  1.  The  emission  of  lava  is  usoallyas  characteristic  a  feature 
of  volcanic  eruptions  as  those  aeriform  explosions  which  have 
been  described  above.  Some  volcanos^  it  is  tme^  send  forth 
vast  quantities  unaccompanied  by  any  corresponding  explo- 
sions^— the  expanding  steam  and  gases  issuing  in  dose  inter- 
mixture with  the  intumescent  matter^  instead  of  rising  through 
it  and  escaping  in  those  vast  bubbles  already  described  as 
usually  bursting  finom  its  surface  so  soon  as  a  communication 
is  obtained  with  the  atmosphere.  This  difference  is^  probably, 
in  great  part  due  to  the  different  specific  gravities  of  the  lavas 
in  the  two  cases. 

It  generally  happens,  however,  that  a  quantity  of  lava  is 
simultaneously  expelled  in  a  more  or  less  fluid  state  from  the 
same  orifice  as  the  firagmentary  ejections.  Should  the  cone 
have  been  formed  first,  this  matter  may  rise  so  as  to  fill  the 
crater  up  to  the  lowest  lip  of  its  ridge,  and  thence  flow  down 
the  outer  slope,  leaving  there  a  crust  or  bed  of  scoriform  or 
solid  rock;  but  more  frequently  its  enormous  weight  and 
pressure  break  down  the  entire  side  of  the  cone,  composed, 
as  this  always  is,  of  loose  incoherent  matters,  whence  it  escapes 
in  a  flood  or '  current'  towards  some  lower  levels.  Many  of  the 
points  of  eruption  on  the  flanks  of  Etna  are  marked  by  such 
a  cone  of  scoriae  broken  down  on  one  side  by  an  outburst  of 
lava.  Breached  cones  form,  indeed,  one  of  the  most  ordinary 
features  of  every  volcanic  region.  In  Iceland  and  Teneriffc 
they  are  numerous.  Several  occur  in  the  extinct  volcanic 
district  of  Sardinia,  according  to  the  report  of  General  La 
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Marmora ;  in  that  of  New  Zealand,  aocoiding  to  Mr.  Heaphy; 
in  Lancerote,  in  Ana  Minor,  at  Olot  in  Spain,  and  dw- 
where.  One  of  the  most  atriking  examples,  from  among  the 
cones  of  the  chain  of  Puya  near  Clermont,  is  ^ven  in  fig.  10. 

Fi«.ia 


Sometimes  the  remnant  left  of  the  crater's  lip  will  exliilnt 
marks  of  the  height  to  which  its  cup  had  once  been  fiUed 
with  lava,  in  an  inner  ledge  of  lava-rock  still  remaining  tfaoe, 
and  cementing  the  adjacent  fragmentaiy  matters. 

Or  if  the  lava,  after  filling  the  crater,  escaped,  without 
breaching  the  cone,  by  a  sort  of  tapping,  through  some  lower 
passage  forced  under  its  base,  a  cylindrical  shelf  or  wall  of 
rock  may  be  left  entirely  round  the  upper  rim.  Darwin  ob- 
served several  such  round  the  craters  of  the  Galapagos  Isles. 
That  of  Kilauea,  in  Hawaii,  described  hereafter,  ofi'ers  a  re- 
mari^able  example  of  the  kind,  on  the  lai^est  scale.  The 
Peaks  of  Teneriffe  and  of  Cotopaxi,  according  to  Humboldt, 
have  each  a  circular  parapet  of  this  kind,  composed  of  scoria- 
ceous  and  vitrified  rock,  at  their  sammit  (looking  like  a  sort 
of  chimney-pot).  The  materials  were  cemented,  no  doubt,  by 
heat  and  acid  vapours  to  such  a  degree  of  sohdity  as  enaUea 
the  rock  to  ofiier  effective  resistance  to  meteoric  abrasion. 

But  it  more  often  happens  that,  the  rapid  congelation  and 
hardening  of  the  surface  of  the  lava  as  it  flovrs  out  of  ihe  vent 
having  formed  a  aart  ot  covered  channel,  the  cone  is  built 
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over  this  by  the  qections  that  accompany  the  oatflow,  and 
remams  undisturbedy  the  hiTa  having  continoed  to  the  end  of 
the  eniption  to  iasne  from  beneath  its  base. 

Some  writers  on  volcanic  phenomena  i^ppear  to  suppose 
that  every  stream  of  lava  mnst  necessarily  have  jnoceeded 
fix>m  a  crater^  and  ought  to  be  traceable  xip  to  one.  But 
though  it  is  true  that  the  gaseous  explosions  whidi  throw  up  a 
cone^  and  usually  leave  a  hollow,  or  crater,  at  its  summit,  are 
generally  accompanied  by  an  emission  of  lava  in  a  mofe  or 
less  liquid  form,  this,  as  I  have  already-said,  is  not  inva- 
riably the  case.  Moreover  it  not  unfrequently  happens  that 
the  lava  issues  by  a  different  <mfice  from  that  whidi  is  the 
source  of  the  contemporaneous  fingmentary  c^ectioiis,  although 
in  its  vicinity.  And  even  when  both  kinds  <^  products  issue 
fix>m  the  same  vent,  the  very  abundance  of  the  ejections  is 
likely  to  conceal  the  immediate  source  <^  the  lava-current. 
Other  superficial  changes,  such  as  denudation  for  example, 
will  often  have  the  same  eflkct.  There  is  an  instance  in 
point  near  Le  Puy,  where  a  wide  bed  of  basaltic  lava  (the 
Plateau  de  Fay)  is  separated  from  the  wdl-preserved  cinder- 
odne  (Puy  de  Chaspinhac),  which  marks  the  probaUe  point 
of  its  emission,  by  a  gorge  subsequently  worn  through  granite 
rodLs,  by  the  river  Sumene,  to  the  depth  of  more  than  800 
feet! 

This  ezamjde  affixrds  a  remarkable,  but  by  no  means  solitary, 
proof  of  the  great  durability  of  such  loose  dnder-ccmes,  in 
positicms  where  no  diluvial  action  has  operated,  and  they  have 
only  been  exposed  to  the  vertical  downfall  of  rains,  while 
the  solid  rocks  in  their  vicinity  have  suffered  an  amount  <^ 
erosion  on  the  greatest  scale.  In  fact,  whereverthey  exist  they 
present  decisive  evidence  of  the  non-occurrence  of  any  sweep- 
ing aqneous  action  of  a  diluvial  character  since  their  forma- 
tion ;  while  the  lava-currents  which  proceeded  from  them,  in 
their  position  as  plateaux  on  the  summit  of  hills  now  sur- 
rounded almost  by  deep  ravines,  or  even  valleys,  which  could 
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not  have  existed  when  the  lava  was  in  a  fluid  state,  tell  an 
equally  con\ineing  tale  as  to  the  vast  erosive  power  of  the 
ordinary  meteoric  waters  to  whose  action  alone  the  suxiace 
can  have  been  since  subjected.  We  thus  acquire  a  test,  and 
indeed  to  some  extent  a  measure,  of  the  time  during  which 
many  large  areas  of  the  earth's  surface  have  existed  in  a  sab- 
nerial  condition,  uninvaded  by  any  extraordinary  'diluvial' 
action,  which,  properly  employed,  cannot  but  prove  of  high 
geological  value. 

§  2.  From  whatever  point  it  issues,  the  lava  thence  pursues 
its  course  in  the  manner  of  a  stream  of  molten  metal  or  other 
imperfect  fluid,  in  obedience  to  the  laws  of  gravity,  down  such 
slopes  as  may  present  themselves,  flooding  flat  surfaces,  and 
occupying  any  hollows  that  may  be  open  to  it,  with  more  or 
less  rapidity,  under  similar  circumstances  of  the  superficial 
levels,  in  proportion  to  its  greater  or  less  fluidity. 

This  character  (its  fluidity)  varies  very  i^videly, — some  lavas 
Ixiing,  from  causes  perhaps  somewhat  obscure,  but  which  wiU 
be  discussed  presently,  very  much  more  stiff,  tenacious,  or 
viscous  than  others,  and  consequently  less  fluid,  although  to 
appearance  equally  heated,  even  to  incandescence.  Among 
the  lava-streams  produced  by  the  same  volcanic  vent  (for  ex- 
ample, from  Ycsu\dus),  some  have  been  seen  to  flow  from  the 
top  to  the  bottom  of  the  slope  of  the  cone  with  extreme 
rapidity*,  while  others  dribbled  languidly  down  its  steep 
sides,  and  stiffened  there  without  reaching  its  base  at  all,  just 
as  a  run  of  wax  or  tallow  in  a  '  guttering '  candle  hardens  on 
the  outside  of  the  upright  shaft.  This  difference  is,  no  doubt, 
in  some  degree  o^ving  to  the  more  or  less  copious  disdiarge 
of  lava,  in  given  times,  from  the  volcanic  vent ;  but  in  most 
cases  it  is  unquestionably  rather  referable  to  differences  either 
in  the  temperature,   or   specific  gravity,  or  consistency,  or 

♦  In  October  1822, 1  myself  witnessed,  in  the  company  of  MM.Monticelii 
and  Covelli,  a  lava-stream  descend  the  entire  slope  of  the  cone  of  Vesn- 
vius,  from  the  edge  of  the  crater  to  the  Pcdamentina,  in  fifteen  minutes. 
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mineral  characters  in  the  lava  at  the  time  of  its  emission. 
Indeed^  the  aspect  of  different  lavas^  after  their  cooling  and 
consolidation^  clearly  indicates  that  they  possessed  at  that  time 
very  different  d^rees  of  liquidity. 

§  3.  The  surface  of  flowing  lava,  on  its  exposure  to  the  air, 
cools  and  hardens,  as  has  been  already  said,  with  remarkable 
rapidity — indeed  almost  instantaneously,  owing,  no  doubt, 
chiefly  to  the  immediate  expansion  and  escape  of  the  abundant 
aqueous  vapour  developed  in  and  discharged  from  it,  by  which 
a  lai^e  portion  of  its  caloric  must  be  suddenly  absorbed.  The 
slag-like  crust  thus  rapidly  formed  is  so  bad  a  conductor  of 
heat,  that  it  may  be  stepped  upon  without  risk  almost  imme- 
diately, even  while  the  stream  of  lava  is  still  to  be  seen  at  a 
white  heat  through  the  crevices  which  in  great  numbers  quickly 
open  in  it.  Observers  have  thus  often  had  the  opportunity 
of  approaching  and  closely  inspecting  a  stream  of  lava  at  its 
very  source,  as  it  issues  from  or  flows  beneath  some  crevice. 

The  heat  radiated  by  it  is  by  no  means  so  intense  as  would 
be  expected  from  such  a  mass  of  apparently  molten  matter. 
Its  liquidity,  when  greatest,  does  not  appear  to  exceed  that 
of  honey,  but  is  generally  so  imperfect  that  considerable 
pressure  is  needed  to  cause  the  point  of  a  stick  or  of  an  iron 
rod  to  penetrate  its  surface.  Indeed  its  consistency  more 
usually  resembles  that  of  coarse  half-dry  mortar,  or  of  meal  as 
it  issues  hot  from  between  the  stones  of  a  mill — to  which  Sir 
William  Hamilton  (a  frequent  and  sagacious  observer  of  the 
eniptions  of  Vesuvius)  compared  it — than  of  a  substance  in 
complete  fusion.  By  day,  the  still  liquefied  parts  appear  of  a 
dull  red  colour,  but  by  night  they  are  nearly  white,  or  flame- 
coloured;  and  at  places  where  the  current  cascades  down 
some  steep  slope,  or  over  a  cliff,  its  aspect  is  very  brilliant 
and  fiery,  every  freshly-opened  crevice,  or  portion  of  the 
interior  uncovered  by  the  fall  of  the  outer  slag-like  crusts, 
glowing  like  the  live  coals  of  a  furnace. 

FjTom  these  crevices  a  fresh  burst  of  the  yet   liquid  and 
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incandescent  lava  often  breaks  out,  and  is  in  torn  super- 
ficially congealed  and  fissured.  It  is  bjr  these  innumerable 
shrinkage  cracks — ^whidi,  like  all  such  crerioes,  take  a  direc- 
tion generally  at  right  angles  to  the  planes  of  superficial 
refrigeration  or  desiccation — ^that  much  of  the  vapour  ocm- 
tained  in  the  lava  escapes ;  and  by  t^e  force  of  this  escape, 
but  still  more,  perhaps,  by  the  friction  and  irregular  motion  of 
the  matter  flowing  on  underneath,  the  surface  of  most  lava- 
currents  is  broken  and  tilted  up,  as  it  moves  on,  into  coarse 
scoriform  crusts  or  slabs,  ragged  or  angular,  which  give  it  a 
resemblance  to  the  frozen  rivers  or  seas  of  northern  latitudes, 
where  thick  ice,  shattered  by  the  movement  of  currents  or 
waves,  has  been  jammed  together  in  a  multitude  of  shapeless 
projecting  masses.  Some  of  these  tilted  slag-masses  of  lava 
may  be  seen  to  rise  10,  20,  or  even  50  feet  above  the  average 
level  of  the  current,  and  might  easQy  be  mistaken  for  erupted 
dykes,  especially  when,  as  happens  occasionally,  they  have 
taken  a  rudely  prismatic  divisionary  structure*. 

Hence  arises  the  generally  rough  and  savage  surfSsu^  of  the 
great  lava-streams  of  Iceland,  Teneriffe,  Etna,  and  other  vol- 
canic districts,  which  from  their  bristling,  harsh,  «au;-like  pro- 
tuberances are  called  Serves^  Cheires,  or  Sciaras  (saws)  by  the 
natives  of  the  country.  In  Spanish  America  they  usually  go 
by  the  name  of  MaUpais,  owing  to  their  desert  and  almost 
impassable  character. 

In  some  lavas  the  fissuring  by  shrinkage  and  loss  of  heat 
and  vapour  on  exposure  to  the  air  penetrates  at  once  to  the 
depth  of  many  feet,  dividing  the  rock  into  loose  blocks  more 
or  less  cuboidal  in  form,  especially  towards  the  sides  or  ter- 
mination of  the  current — the  tendency  to  break  up  in  this 
manner  being  increased  by  the  impulse  of  the  matter  flowing 
beneath. 

In  the  Cordilleras  of  South  America,  some  fields  of  shattered 

*  The  lava  of  Graveneire,  above  the  village  of  Royat,  shows  some  up- 
right slaggy  masses  of  this  kind  on  its  surface  fiilly  60  feet  high. 
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lava  of  this  descriptioa  are  called  by  Humboldt  trmmSeM  de 
blocs,  and  are  supposed  by  him^  as  well  as  by  M.  de  BoosBin- 
gault^  to  hare  been  possibly  enqpAed  in  a  firagmentaiy  fonn — 
an  improbable  hypothesis.  No  doabt,  iKywerer,  the  'blocks' 
were  often^  during  their  formation  by  shrinkage,  more  or  less 
set  in  motion  as  the  current  beneath  oir  behind  them  loUed 
on,  and  this  motion  will  have  increased  the  iqipaient  con- 
fusion in  which  they  now  lie.  Sudi  surfaces  bear  no  a|q^ear- 
ance  of  previous  liquidity,  but  resemble  rather  the  rodgr 
debris  of  a  shattered  mountain.  Professor  Dana  describea 
some  of  the  lava-cunents  of  Hawaii,  whidi  he  calls  '  clinker- 
fields,'  as  composed  of  loose  angular  Uo<^  of  all  shines  and 
sizes,  fixHu  that  of  a  bushel  to  that  of  a  house — '^  a  surfiux  of 
horrible  roughness.''  Hie  photographs  in  the  Tolumeof  Bro- 
fessor  Piaszi  Smyth,  on  Teneriffie,  offer  a  similar  idea  of  the 
clinker-fields  of  that  volcano. 

Owing  to  this  rapid  consolidation  of  its  external  suifiuses, 
a  current  of  lava  advances  generally  with  a  rotatory  motion, 
— ^ihe  slags  and  crusts  that  cake  upon  ita  front  rolling  down 
before  it,  and  forming  a  sort  of  broken  pavement,  over  which 
the  central  part  protrudes  and  fiedls,  and  on  whidi  it  finally 
reposes.  It  is  thus  seen  why  a  bed  of  scorise  usually  under- 
lies every  lava-current,  even  where  ejected  matters  had  not 
previously  covered  the  ground.  A  stream  of  lava  which  I 
had  the  opportunity  (^observing  on  Etna  in  1820,  and  whidi 
was  advancing  at  the  slow  rate  of  about  a  yard  an  hour 
(the  eruption  which  produced  it  having  ceased  for  nearly  a 
year),  had  all  the  i^pearance  ol  a  huge  heap  of  laige  cinders 
rolling  over  and  over  i^)on  itself  by  the  effect  of  slow  pro- 
pulsion firom  behind.  The  motion  was  accompanied  by  a 
crackling  metallic  noise,  occasioned  by  the  contraction  of  the 
crust  as  it  solidified  and  the  firiction  and  fidl  of  the  cindery 
slag-cakes  against  one  another,  and,  on  the  whole,  su^ested 
any  other  idea  than  that  of  fluidity.  Yet  within  the  crevices 
of  this  sluggish  mass  a  dull  red  heat  might  still  be  seen  by 
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night,  and  a  oonsiderable  quantity  of  vapour  issued  finom  them 
by  day. 

The  upper  and  under  scoriform  portions  of  such  lava- 
streams  arc  often  many  feet  in  thickness ;  while  the  middle 
bed  of  compact  matter,  which  cooled  more  slowly,  is  com- 
paratively shallow  and  thin,  especially  where  the  descent  was 
rapid*. 

§  4.  Some  lavas,  however,  differing  from  the  former  in 
liquidity,  probably  by  reason  of  differences  in  texture  or  mineral 
character,  assume  ropy  and  filamentous  figures,  and  present  a 
smooth  and  even  glazed  exterior.  This  is  particularly  the  case 
with  the  glassy  lavas  passing  into  obsidian  or  pumice.  Such, 
too,  arc  the  more  ferruginous  but  equally  viscous  lavas  of 
Bourbon,  and  also  of  the  Sandwich  Isles.  The  latter,  indeed, 
is  habitually  of  so  glutinous  a  consistency  at  the  time  of  its 
emission  as  to  be  drawn  out,  as  it  is  tossed  up  by  the  gaseous 
explosions,  into  vitreous  filaments,  silky  and  fine  as  spun 
glass,  which  float  for  some  time  in  the  air  before  they  fall, 
and  are  called  by  the  natives  '  Pele's  hair.' 

Lava  of  this  extremely  viscous  and  tenacious  consistency 
coagulates  superficially  on  the  instant  of  its  exposure  to  the 
air,  just  like  so  much  melted  wax,  in  glossy  or  wrinkled  crusts, 
which  present  singular  forms,  resembling  cables  or  stalagmites, 
or  the  roller-like  folds  of  drapery,  or  sticks  of  barley-sugar,  or 
cauliflowers,  or  the  trunks  or  branches  of  trees.  Sec.  When 
such  a  lava  has  welled  out  slowly  from  an  orifice  without  the 
accompaniment  of  much  explosive  discharge  of  vapour,  the 
surface  of  the  cooled  mass  may  show  concentric  folds,  like 
those  of  which  Mr.'  Heaphy  gives  a  sketch  from  the  lava-fields 
of  New  Zealand  t  (fig.  11). 

When  the  matter  is  still  more  viscous,  its  accumulation 
over  a  minor  spiracle  occasionally  produces  a  hillock  of  curving 
and  concentric  ridges,  or  even  a  dome  or  spire-like  protube- 

*  See  Sir  C.  Lyell*8  remarks  on  the  recent  lavaa  of  Etna,  Phil.  Trans. 
1869.  t  Quart.  Joum.  of  Geol.  Soc  1860,  p.  24a 


SOME  LAVAB  COAGULATE  VBBTICALLT.  73 

ranee.  Professor  Dana  deacribes  some  of  those  npon  the  slopes 
of  Msana  Loa  in  Hawaii  as  actually  taking  the  figure  of  a 
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column  or  upright  bottle  (fig.  12),  or  a  petrified  fountain. 
Some,  he  says,  are  as  much  as  100  feet  in  height,  and  have  an 
aperture  at  the  top  or  sides,  left  by  the  last  explosions  of  the 
elastic  fluid,  whose  rise  and  escape  spirted  up  the  jets  of  liquid 
lava  that  coagulated  into  these  strange  sh^ies  as  they  f(31 
round  the  lipa  of  the  orifice. 

Fig.  12. 


Calnmn  of  lava  in  HaniL 
(Aftar  Dana, '  Qwtlogj  of  AmericH)  Exploring  EipAdition.') 

Sory  de  St.  Vincent  describes  similar  hillocks  (likewise  of 
conaideraUe  magnitude — 80  or  100  feet  high)  on  the  volcano 
of  Bourbon  (fig.  13],  whose  lavas  are  highly  ductile  and  viscous, 
haring  a  great  analc^  to  those  of  Hawaii.  He  gives  a  draw- 
ing of  the  appearance  of  this  lava-spring  as  he  saw  it  by  night. 
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Telling-out   almost  tranquilly,  and  continiionsly, 


Souroe  of  Uts  on  tho  nimmit  of  tbe  Tolcaoo  of  Bourbon. 
(Fhnn  BcR7  de  8L  Tinoent.) 

Huramit  of  one  of  these  'Mamelons'  (fig.  ll),  and  forming  a 
crust  of  concentric  wave-like  ridges,  as  also  of  another,  which 
was  not  at  that  time  in  activity. 
Fig.  14. 


One  of  (be  '  MameloiiB ' — amatl  lATs-conea  on  the  nimmit  of  the  voleano 
of  BooHxHi.    (From  Bory  de  8t  Vincent.) 

Minor  lava-cones  of  this  character  are  peculiar  to  the  very 
ductile  and  viscous  lavas  which  approach  to  glass  in  texture, 
and  must  not  be  confounded,  as  has  been  done  by  some  geo- 
logists, with  the  ordinary  eruptive  cones  composed  entiidy  of 
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loose  firagmeDtary  qecta.  The  internal  strnctiire  of  the  former 
class  of  conea  most,  faowerer,  no  less  than  tlie  latter,  exliibit  a 
coD<!eiitric  arraogement  ot  layers  of  lava,  more  or  less  irrego- 
br,  and  having  a  qoaqnaTeisal  dip,  parallel  to  the  outer  slopes 
of  the  hill.  They  irill  resemhle  in  stracture,  as  they  do  in 
the  mode  of  their  production,  the  bell-shaped  cones  formed 
by  the  mod-eraptions  of  Macalnba  in  Sicily,  or  of  Beila  near 
the  Indus;  being,  no  doubt,  like  them,  solid,  except  when  a 
sntall  opening  has  been  left  on  the  sammit,  snd  composed  of 
more  or  less  concentric  and  mitTitling  Isyers,  the  result  of  the 
overflow  of  one  coat  of  the  semi-fluid  matter  over  another. 

§  6.  If,  howerer,  scorite  are  cgected  from  the  same  vent 
during  the  formation  of  such  a  hillock,  its  structure  will  show 
an  irregular  interbedding  of  lava  and  fragmentary  matter.  A 
very  instmctive  natural  section  of  a  minor  cone  of  this  dass, 
formed  within  the  crater  of  Yesunns  in  1835,  is  given  by 
Abich  in  his '  Views  of  Vesuvius  and  Etna.' 


The  sloping  beds  seen  in  it  are  of  lava,  separated  by 
thinner  layers  of  scorise  and  lapillo.  The  axis  of  the  cone  is 
seen  to  be  an  upright  dyke,  evidently  the  eruptive  chimney, 
filled  with  basaltic  rock  in  vertical  layers  by  the  consdi- 
dation  of  the  last  columns  of  liquefied  matter  that  were 
Hively  propelled  up  this  channel.     These  layers  are  seen 
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to  torn  over  and  flow  down  outwardly,  bb  they  reach  the 
level  of  the  bed  which  at  the  time  of  the  emission  of  each 
formed  the  lip  of  the  orifice.  This  latter  feature  {which  is 
jnet  what  we  should  expect  to  find  there,  from  the  mode  of 
production  of  such  a  cone  already  described)  is  seen  also  in 
another  interesting  natural  section  (fig.  16),  given  in  the  same 
work,  of  a  dyke  observed  by  M.  Abich  in  one  of  the  cliffs  of 
the  Val  del  Bove. 

Kg.  18. 


Natural  taction  of  a  baaaltio  dyke  in  the  Val  del  BoTe. 
(From  tbe  Quarterlr  Journal  of  tiie  QMlogical  Sodf^,  1S58,  p.  127.) 

Here,  the  scorise  which  originally  enclosed  the  dyke,  and 
thiough  which  the  lava  forced  its  way,  have  been  washed  out 
by  rtaas ;  and  the  dyke  stands  clear,  showing  the  way  in  which 
the  lava  composing  it,  when  liquid,  overflowed  the  lip  of  the 
vent  and  took  its  course  down  the  outer  slopes*. 

^  6.  A  stream  of  lava  while  flowing  down  any  slope  will, 
owing  to  its  imperfect  fluidity,  usually  be  thickest  towards  its 
centre,  and  consequently  possess  a  convex  cross  section  on  its 
upper  surface,  the  sides  rising  as  steep  banks  from  the  uncovered 
ground  adjoining.  But  when  the  supply  of  fresh  lava  from 
the  vent  diminiHhes  or  entirely  ceases  (the  still  liquid  interior 
at  the  central  part  of  the  current  continuing  for  some  time  to 

*  Strangely  enough,  M.  Abicli  imagiDes  the  sloping  layers  of  the  first 
small  cone  (o  have  been  formed  in  a  homontsl  position  and  subsequently 
elevated !  while  in  the  latter  case  he  allows  that  the  lavo-bed  flowed 
down  and  consolidated  in  its  pcesent  position  upon  a  slope  of  2fi°.  But 
this  is  not  the  only  instance  in  which  the  '  elevation-crateT'  doctrine  has 
diswn  its  disciples  into  the  most  obvious  inconsistencies.  '  Views  of 
Vesuvius  and  Etna,'  plate  6.    Berlin,  1837. 
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flow  on,  urged  by  its  own  weight  alone,  down  any  slope  that 
offers  itself),  the  upper  crust,  being  unsupported,  will  have  a 
tendency  to  subside  in  proportion.  Hence  we  often  find  nar- 
row lava-streams  confined  within  banks,  which  they  seem  to 
have  raised  themselves,  and  having  a  concave  surface  in  their 
cross  section  (see  fig.  17) ;  the  sides,  which  necessarily  cooled 

Fig.  17. 


TrtDSTene  sectioii  of  a  laTa-cuirent    The  dotted  line  represents 

the  original  sur&oe. 

sooner  than  the  central  part,  preserving  their  thickness,  and 
taking  the  form  of  high  banks  or  ridges,  between  which  the 
internal  lava-stream  flowed  on  for  some  time,  as  in  a  canal, 
the  level  of  its  sur£EU»  gradually  lowering  as  the  supply  fix>m 
above  ceased. 

The  most  remarkable  example  of  this  kind,  perhaps,  is  to  be 
seen  in  the  valley  of  Thingvalla  in  Iceland,  which,  it  appears 
to  me,  was  evidently  caused  by  the  subsidence,  in  the  manner 
above-described,  of  the  upper  crust  of  a  vast  lava-stream  that 
flowed  fix>m  an  adjoining  moimtain  into  the  Thingvalla  lake. 
The  valley  is  a  depression  four  miles  wide  and  about  800  feet 
deep,  bordered  on  either  side  for  seven  or  eight  miles  before 
it  reaches  the  lake  by  a  great  rift  or  chasm,  perfectly  straight, 
averaging  perhaps  100  feet  in  width  and  180  feet  or  more  in 
depth.  The  sides  are  black  precipitous  lava-diffis,  which  have 
been  evidently  torn  asunder,  since  their  opposite  indenta- 
tions exactly  correspond.  These  '  rifts,'  the  largest  of  which 
goes  by  the  name  of  the  ^  Almanagia,'  are,  no  doubt,  fissures 
broken  at  the  sides  of  the  lava-stream  by  the  parting  of  the 
central  mass  from  the  lateral  banks  as  its  surface  sank, 
through  the  escape  of  the  lower  and  still  liqidd  lava  into  the 
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iin&thomable  depths  of  the.Iake^  after  the  supply  from  the 
volcano  had  ceased.    There  are  numerous  parallel  and  equally 
deep,  but  smaller,  fissures  or  '  crevasses '  on  the  surface  of  the 
lava  between  the  two  larger  lateral  ones,  which  were  pro- 
duced, no  doubt,  at  the  same  time.     Two  of  them  inosculate, 
and  all  but  enclose  a  space  within  which,  for  the  security  its 
moated  position  afforded,  the  ancient  Althing,  or  Court  of 
Judgment  and  Parliament  of  the  island,  used  to  be  held.    Ice- 
landic travellers  usually  speak  of  this  subsidence  as  caused 
probably  by  a  sinking  of  the  surface  into  some  great  cavity 
beneath,     I  think  it  more  probable  that  the  true  cause  is  that 
given  above,  namely,  the  escape  of  the  still  liquid  lava  from 
beneath  the  indurated  surface  of  the  stream,  on  the  cessation 
of  the  abundant  supply  fix>m  the  volcano  which  had  previously 
filled  the  valley  to  the  height  of  the  banks  that  still  remain. 
An  exact  parallel  to  this  effect  may  be  seen  when  a  swollen 
river  has  been  firozen  over,  and  the  waters  run  off  before  the 
ice  is  melted.     Its  surface  sinks,  leaving  great  longitudinal 
rents  along  and  parallel  to  the  sides  of  the  channel.     Many 
fissures  of  the  same  character  and  mode  of  formation  are 
visible  in  some  of  the  other  great  lava-fields  of  Iceland,  and, 
indeed,  may  be  looked  for  wherever  lava  has  been  poured 
out  abundantly,  under  circumstances  admitting  of  its  con- 
tinued flow  for  some  time  after  the  supply  of  fresh  matter  has 
ceased.    These  fissures,  being  always  longitudinal,  or  in  the 
direction  of  the  current,  no  doubt  have  frequently  facilitated 
the  formation  of  a  new  channel  for  the  escape  of  the  waters 
of  rivers  or  lakes  which  the  streams  of  lava  have  temporarily 
obstructed,  and  gave  direction  to  their  excavating  force  *. 

Sometimes  the  lateral  longitudinal  banks  of  a  lava-stream 
will  be  multiplied,  several  alternate  ridges  and  ftirrows,  on  a 
large  scale,  appearing  in  the  cross-section  of  the  current^s 
surface.     These  mark,  in  fact,  so  many  distinct  currents.     At 

*  For  a  plan  of  the  Almanagia  and  its  environs,  see  the  '  Story  of 
Burnt  Njal.'  1860. 
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other  times  these  cormgations  form  a  series  of  ciured  or 
wrixikled  folds^  having  their  convexity  in  the  direction  of  the 
flow  of  the  lava,  and  resembling  the  wrinkles  on  the  siu&ce  of 
a  glacier.  These  variations  are  evidently  due  to  the  varying 
rates  of  motion  of  different  parts  of  the  ciuTcnt^  or  to  suc- 
cessive streams — some  hardening,  while  others  continued  to 
flow  on.  Any  one  who  has  seen  cart-loads  of  liquid  mud 
emptied  upon  a  flat  or  slightiy  sloping  surface  will  have  ob- 
served, on  a  small  scale,  in  the  forms  it  assumes  when  dried 
by  exposure  to  the  air,  many  of  the  varieties  of  superficial 
wrinkling  which  characterize  lava-streams. 

In  the  case  of  the  very  viscous  lavas,  which  tend,  as  has 
been  already  noticed,  to  assume  ropy  or  stalagmitic  forms 
on  the  sur&ce,  the  matter  not  cooling  so  rapidly  inwards  as 
the  more  coarae-grained  and  readily-splitting  lavas,  its  down- 
ward escape  from  beneath  the  upper  crust  often  leaves  behind 
hollow  gutters,  arched  over  by  a  thin  and  brittle  roof — so 
thin  sometimes  as  to  yield  to  the  weight  of  a  person  stepping 
on  them.  Such  vaulted  roofs  have  pseudo-stalactitic  pro- 
jections left  by  the  subsidence  of  the  liquid,  and  are  coated 
with  a  glossy  varmsh.  Sometimes,  as  among  the  lavas  of 
Etna,  Bourbon,  Iceland,  St.  Michael  in  the  Azores,  Teneriffe, 
and  many  other  localities,  caverns  of  very  large  dimensions 
are  thus  formed  beneath  the  surface  of  a  lava-stream,  and 
even  imitate  in  their  extent  and  windings  the  well-known 
caves  worn  by  water  in  limestone-rocks.  Their  mode  of  pro- 
duction by  the  escape  of  the  highly  liquid  lava  down  a  sloping 
surfEU^,  from  beneath  the  hardened  crust  above,  is  easily  un- 
derstood. 

Other  cavities  of  various  sizes,  but  occasionally  very  large, 
are  produced  in  some  extremely  liquid  lavas  by  the  union  of 
many  bubbles  of  the  vapour  generated  through  or  entangled 
in  their  mass.  These  volimies  of  vapour,  influenced  by  their 
elasticity  and  inferior  specific  gravity,  rise  towards  the  surface 
of  the  lava  as  it  flows  on,  and,  when  sufficiently  powerftil  to 


80  LAVA-HILLOCKS  FORMED  OVBE  PUMAE0LE8. 

break  through  its  crust,  borst  from  it  in  minor  jets,  which 
imitate,  on  a  small  scale,  those  of  the  principal  eruptiTe  vent. 
Jnat  aa  the  smaller  vesicles  that,  from  being  unable  to  escape, 
remain  dispersed  through  the  lava,  resemble  those  of  the  glu- 
tinous varieties  of  bread,  so  the  larger  often  blister  the  surface 
of  a  lava-stream,  like  those  which,  on  a  smaller  scale,  arc 
Been  on  the  upper  crust  of  onr  loaves,  in  dome-like  or  conical 
protuberances.  Sometimes  these  have  opened  at  the  summit 
or  cracked  at  the  sides,  and  dischai^  vapoor  in  greater  or 
less  abundance.  They  are,  while  in  that  state,  called  '  fiima- 
roles.'  Such  spiracles  remain,  no  doubt,  for  a  considerable 
time  in  communication  with  the  still  liquid  lava  flowing  be- 
neath the  hardened  sm^ace.  This  supplies  them  with  their 
jets  of  vapour,  and  sometimes  causes  them  to  throw  up  a  few 
scorite  and  spirts  of  lava,  producing  the  appearance  of  minor 
emptive  vents.  In  the  Vesuvian  eruption  of  1855,  many  such 
small  cones,  from  10  to  20  feet  high,  were  formed  in  succession 
upon  the  surface  of  the  main  current  of  lava ;  tbey  are  figured 
by  Schmidt,  who  (I  think  erroneously)  considers  them  to  com- 


ae of  the  Iatb  of  Tmutiiu,  1855. 
(From  Bdunidt) 

municate  with  the  interior  of  the  mountain,  and  not  merely 
with  the  lava-stream  beneath  them.  I  observed  many  such, 
having  certainly  the  latter  origin  only,  on  the  surface  of  the 
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lava  of  1822^  which^  after  flowing  from  tlie  summit  of  the  cone, 
formed  a  sort  of  lake  on  the  Pedamentina  and  in  the  Atrio  del 
Cavallo.  So  Mr.  Darwin  describea  the  surface  of  a  highly 
vitreous  lava-cnrrent  in  one  of  the  Galapagos  Isles  as  studded 
with  ''small  mammiform  hiUocks/'  and  some  circular  de- 
pressions, which  seemed  to  him  to  have  been  formed  by  the 
falling-in,  or  Uowiug-ofl*,  of  the  arched  roofe  of  such  great 
babbles  o(  lava.  These  pits  are  some  of  them  20  or  even  40 
feet  deep,  and  circular. 

Professor  Dana  speaks  of  similar  bubble-shaped  domes  on 
the  surfiioe  of  some  of  the  lava-streams  of  Hawaii.  They  were 
generally  cracked  or  broken,  the  thickness  of  the  roof  being 
but  from  one  foot  to  ten ;  "  and  the  loosened  fragments  had 
sometimes  fidlen  into  the  oven-shaped  cavities  they  covered/' 

Such  too,  no  doubt,  was  the  origin  of  the  ^  homitoSy  or  oveU' 
shaped  hillocks,  described  by  Humboldt  as  studding  the  high 
surface  of  the  great  lava-pool  of  Jorullo,  called  the  Malpais, 
and  which  appeared  so  problematical  to  the  great  traveller. 
Coated  over  to  a  thickness  of  a  foot  or  two  with  fine  ashes 
(the  last  product  of  the  eruptions  from  the  six  vents,  now 
marked  by  as  many  cones),  and  this  ash-conglomerate  having 
(as  is  not  unusual  under  the  influence  of  hot  vapours)  assumed 
a  globular-concretionary  structure,  they  presented  certainly 
a  singular  aspect,  if  the  view  of  them  given  by  Humboldt  in 
his  '  Atlas  Pittoresque,'  from  which  the  accompanying  wood- 
cuts (figs.  19, 20, 21)  are  copied,  is  not  (as  may  be  suspected) 
somewhat  exaggerated.  Later  travellers  report  that  the 
homitos  have  almost  entirely  disappeared,  their  loose  coating 
being  probably  washed  away  by  the  tropical  rains,  or  the  in- 
tervals filled  up  by  the  growth  of  vegetation. 

With  regard  to  the  disputed  question  of  the  origin  of  the 
raised  plain  of  the  Malpais,  M.  de  Saussurc,  the  last  and  most 
trustworthy  visitor,  entirely  confirms  the  opinion  which  I 
ventured  to  proclaim  in  1825,  that  Humboldt  was  mistaken 
in  supposing  it  to  have  been  "  blown  up  from  beneath  like  a 
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bladder^''  and  that  it  is  merely  an  ordinary  current  of  lava^ 
which,  owing  to  its  very  imperfect  liquidity  at  the  time  of  its 
issue  from  the  volcanic  vent,  as  well  as  to  the  overflow  of  one 
sheet  or  stream  upon  another,  had  acquired  great  thickness 
about  its  source,  gradually  thinning  off  towards  the  outer 
limits  of  the  elliptical  area  which  it  covered  *, 

§  7.  The  quantity  of  lava  emitted  by  a  single  eruption,  and 
the  extent  of  sur&ce  covered  by  it,  are  often  very  great.  The 
volcano  of  Skaptar  Jokul  in  1783  sent  forth  two  prodigious 
streams^one  about  fifty  miles  in  length,  with  a  breadth,  in 
places,  of  fiftieen ;  the  other  forty  in  length,  and  seven  miles 
wide  in  parts.  Its  thickness  was  more  than  500  feet  in  some 
places,  and  it  has  been  calculated  that  the  entire  mass  exceeds 
in  bulk  that  of  Mont  Blanc.  This  is,  perhaps,  the  most  copious 
lava-stream  known  to  have  been  produced  by  a  single  erup- 
tion. But  it  is  not  improbable  that  it  may  be  paralleled  by 
some  which  have  proceeded  from  the  great  South  American 
or  Kamtschatkan  volcanos. 

Among  the  products  of  earlier  volcanic  eruptions — ^the  traps 
belonging  to  the  Tertiary  and  Secondary  ages,  and  generally 
of  submarine  origin — examples  of  equal  or  greater  magnitude 
occur.  In  India^  in  the  Deccan,  an  area  of  250,000  square 
miles  is  said  by  Colonel  Sykesf  to  be  covered  with  a  continuous 
floor  of  basalt.  There  is  no  evidence  of  its  having  proceeded 
from  a  single  source ;  but  the  flows  of  lava  must  have  been 
prodigious  to  overwhelm  such  a  vast  and  nearly  level  area. 

Probably  some  of  these  enormous  sheets  of  lava,  whether 
of  modem  or  ancient  date,  have  issued  from  numerous  points, 
or  indeed,  perhaps,  from  the  entire  length  of  the  fissure  of 
discharge.  This  seems  to  have  happened  repeatedly  in  the 
volcanic  district  of  South  America.  Commodore  Forbes  de- 
scribes floods  both  of  trachytic  and  doleritic  (basaltic)  lavas, 

♦  See  "  Cones  and  Craters,"  Quart.  Joum.  Geol.  Soc.  November  1869, 
and  May  1861. 

t  Geol.  Trans,  ser.  2.  vol.  iv.  p.  409. 
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Tiew  of  Jonillo  and  ill  Malpus.     (From  Humboldt's  '  Mexico. ') 
Kg.  20- 


in  of  Jorallo.    (AiW  Humbaldt.)    a,  b.  LoTel  of  original  plain. 
(The  darker  part  ii  Isto,  the  lighter  ( 


Plan  of  Jorullo  and  the  Holpoii.    (Alter  niunboldt.) 
02 
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among  the  Cordilleras  of  Peni  and  Bolivia^  to  have  been  evi- 
dently poured  out  of  lengthened  fissures^  some  of  which  extend 
as  much  as  fifty  miles.  Since,  however,  the  lava,  by  spreading 
above  and  on  either  side,  will  necessarily  have  concealed  the 
fissure  through  the  greater  part  of  its  course,  it  will  always  be 
difiScult  to  determine  whether  it  flowed  out  of  several  distinct 
openings  in  the  same  line,  or  firom  every  part  of  the  fissure. 
It  is  probable  that  the  lavas  of  submarine  volcanos  have 
spread  more  widely  in  proportion  to  their  depth  than  those 
which  have  flowed  in  open  air,  owing  to  the  greater  difl&cidty 
opposed,  imder  such  circumstances,  to  the  escape  of  their 
contained  vapour,  and  the  longer  duration  in  consequence  of 
their  fluidity. 

§  8.  By  reason  of  the  extreme  slowness  with  which  its 
hardened  surface  gives  passage  to  heat,  the  interior  of  a  lava- 
stream  often  retains  a  very  high  temperature  for  a  great  length 
of  time  aft;er  its  emission,  continuing  to  send  forth  vapour  from 
its  crevices  and  fiimaroles,  and  probably  remaining  liquid,  and 
even  more  or  less  in  motion,  throughout  its  central  or  lower 
portion,  for  years.  I  myself  saw,  in  1819,  a  lava-stream  still 
slowly  moving  onwards  at  its  lower  extremity,  nine  or  ten 
months  after  the  eruption  of  Etna  which  produced  it  had 
ceased. 

Owing  to  this  sluggish  motion,  the  slightest  obstacle  appears 
to  have  a  considerable  effect  in  retarding  the  progress  of  a 
lava-stream.  A  bush,  a  tree,  a  wall,  even  a  large  stone,  have 
often  been  seen  to  check  the  advance  of  a  current  to  an  extent 
quite  unequal  to  the  resistance  they  can  be  conceived  to  oppose 
to  the  weight  and  pressure  of  the  lava  advancing  upon  them, 
and  only  to  be  accounted  for  by  its  semi-solid  condition  and 
the  extremely  low  degree  of  mobility  possessed  by  its  particles, 
which  the  increased  compression  resulting  firom  the  least  im- 
pediment suffices  to  destroy  to  a  certain  distance  back  fi*om 
the  opposing  surface. 

Even  the  resistance  offered  by  the  minor  asperities  of  the 
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ground  over  which  a  stream  of  lava  extends  itself^  destroys  or 
lessens  the  liquidity  of  this  substance  to  a  certain  distance 
upwards,  and  hence  the  rotatory  motion,  already  observed 
upouj  with  which  a  current  appears  to  advance.  The  lower 
stratum  being  arrested  by  the  resistance  of  the  ground,  the 
upper  or  central  part  protrudes  itself,  and,  being  unsupported 
finom  below,  falls  to  the  ground,  to  be  in  turn  covered  by  a 
mass  of  more  liquid  lava  which  rolls  or  swells  over  it  from 
above. 

Hence,  too,  whenever  the  advance  of  a  stream  of  lava  is 
checked  by  any  material  impediment,  it  accumulates  upon 
itself,  rising  in  height  until  it  is  able  either  to  surmoimt  and 
cascade  over  the  obstacle,  or  turn  round  it  by  a  lateral  devia- 
tion. The  extreme  difficulty  with  which  such  a  diversion 
appears  to  be  effected  is  remarkable,  but  by  no  means  sur- 
prising, since  this  circumstance  is  common  to  all  liquids  of 
great  viscosity  or  consistency,  which,  when  ui^ed  forward 
down  an  inclined  plane  by  their  gravitating  force,  move  as  it 
were  in  a  body, — the  component  particles,  through  their 
powerful  mutual  cohesion,  retaining  almost  completely  their 
relative  positions — not  rolling  over  one  another  in  that  free 
and  voluble  manner  which  characterizes  the  motion  of  more 
perfectly  liquid  bodies. 

Owing  to  this  peculiarity  of  motion,  a  lava-current  increases 
considerably  in  depth  and  bulk  wherever  any  impediments 
retard  its  progress.  And  hence,  in  Auvergne,  the  Vivarais, 
and  other  volcanic  districts  where  narrow  and  winding  moun- 
tain-gorges have  been  occupied  by  descending  currents  of  lava 
throughout  long  distances,  every  concave  elbow  is  found  to 
have  been  filled  with  a  bulky  mass  of  basalt,  while  the  inter- 
vening parts  of  the  valley  present  comparatively  narrow  and 
shallow  strips.  For  the  same  reason,  if  the  obstacle  be  of  con- 
siderable height,  and  such  that  it  cannot  be  turned  by  the 
lava,  but  must  be  surmounted,  the  accumulation  necessary  for 
this  purpose  will  often  attain  a  much  higher  level  at  this  point 
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than  the  surface  of  the  current  for  some  distance  behind  it ; 
so  that  the  stream  has  the  appearance  of  having  flowed  uphill. 
The  cause  of  this  is^  that  the  hardened  crust  acts  the  part  of  a 
covered  canal^  in  which  the  liquid  rises  towards  the  level  of  its 
supply  like  water  in  a  pipe. 

When  lava  flowing  onward  meets  any  inflammable  mate- 
rials, as  dry  grass^  shrubs,  trees,  8cc.,  it  iisually  sets  them  on 
Are,  and  the  flames  produced  in  this  manner  are  liable  to  be 
mistaken  at  a  distance  for  flames  evolved  from  the  lava  itself. 
When  trees  are  rapidly  enveloped  in  lava,  the  upper  parts 
alone  blaze  and  are  reduced  to  ashes ;  the  trunk  is  merely  car- 
bonized, and,  if  subsequently  removed  by  aqueous  infiltrations, 
may  leave  its  impression  in  a  hoUow  cylindrical  tube  within 
the  solid  rock.  Such  moulds  are  very  common  in  the  lava- 
currents  of  the  Isle  of  Bourbon,  which  have  extended  their 
ravages  through  forests  of  palm;  and  one  of  them  is  to  be 
seenr  in  the  cabinet  of  the  Jardin  des  Plantes. 

Professor  Dana  relates  that  when  forests  have  been  traversed 
by  some  of  the  glassy  lavas  of  the  volcano  of  Kilauea  in  Hawaii, 
the  subsidence  of  the  surface  of  the  stream  from  its  earlier 
level  has  left  jiumerous  stalactites  of  obsidian  hanging  from 
the  upper  boughs  of  the  trees,  like  the  icicles  occasioned  by  a 
frost  succeeding  a  heavy  snow-storm  and  thaw ;  and,  strange.to 
say^  the  twigs  and  branches  to  which  these  pendants  adhere, 
and  which  were  certainly  enveloped  in  the  molten  matter, 
show  but  few  signs  of  having  suffered  fix)m  its  heat — even  the 
bark  being  rarely  charred, — a  fact  to  be  accounted  for,  perhaps, 
by  the  moisture  of  their  surfaces,  when  suddenly  vaporized, 
having  acted  as  a  sort  of  sheath  to  protect  them  during  the 
brief  interval  between  their  immersion  in  the  lava  and  the 
cooliug  of  the  enveloping  coat  It  is  an  effect  perhaps  analo- 
gous to  the  one  I  am  about  to  describe. 

When  a  lava-current  has  met  in  its  course  with  a  flat  and 
extensive  surface  perpendicularly  opposed  to  its  direction,  such 
as  the  wall  of  a  house,  &;c.,  it  has  been  observed  to  stop,  as  if 
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by  magic^  at  the  distance  of  a  few  inches^  without  coming  into 
actual  contact  with  the  obstacle.  This  and  other  similar  facts 
may,  perhaps^  be  thus  explained. 

A  quantity  of  elastic  vapour^  at  a  high  d^ree  of  tension^ 
escapes  firom  every  fresh  sur&ce  of  lava  successively  disclosed 
as  it  moves  onward ;  but  as  the  lava  approaches  dose  to  a  re- 
sisting surface  of  considerable  extent^  the  vapour  must  be  pre- 
vented from  escape^  and^  filling  the  narrow  intervening  space 
or  crevicCj  must  create  a  resistance  sufiScient  sooner  or  later  to 
prevent  absolute  contact  of  the  opposing  surfaces.  The  rapid 
consolidation  of  the  hce  of  the  lava-stream  then  builds  up^  as 
it  werej  another  wall  of  its  own  in  front  of  that  it  has  met 
with. 

If  the  momentum  of  the  current  behind  be  considerable^ 
the  wall  may  give  way ;  but  should  the  motion  of  the  lava  be 
slow^  and  its  fluidity  very  imperfect^  it  rises  without  over- 
throwing— scarcely  even  touching — the  wall^  until  it  is  suffi- 
ciently elevated  to  cascade  over  it^  or  deviate  in  a  lateral 
direction.  This  observation  has  been  repeatedly  made  during 
all  the  destructive  eruptions  of  Vesuvius,  and  there  seems  no 
reason  to  doubt  its  correctness.  The  lava  of  Etna,  which,  in 
1669,  poiured  down  upon  Catania,  stopped  at  the  wall  of  that 
town  where  it  was  60  feet  high,  and  accumulated  upon  itself 
until  it  was  able  to  surmount  it  and  flow  over  the  top  in  a 
cascade  of  fire.  The  wall  was  not  thrown  down,  but  still 
exists,  and  an  arch  of  lava  is  yet  to  be  seen  curling  over  it 
like  a  wave  breaking  over  a  beach. 

When  there  has  existed  a  wooden  door  in  the  wall,  it  has 
been  observed  that  the  heat  radiated  from  the  lava  after  some 
time  sets  fire  to  it,  and  when  thoroughly  consumed,  the  lava 
enters  the  aperture  thus  produced,  but  continues  to  respect 
the  wall  on  either  side.  So,  too,  it  has  been  actually  found 
possible  to  give  an  artificial  direction  to  the  course  of  a  lava- 
stream.  While  that  of  1669  already  mentioned  was  flowing 
towards  Catania,  a  proprietor  of  lands  which  it  threatened  to 
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overwhelm  employed  labourers  with  pickaxes  to  open  a  passage 
through  the  hardened  scoria-crust  which  embanked  and  con- 
fined the  current  on  one  side.  By  this  he  succeeded  in  giving 
vent  to  the  flow  of  matter  in  that  direction  rather  than  in  the 
one  it  threatened  to  take  if  left  to  itself.  Just  in  the  same 
manner^  workmen  in  a  smelting-fumace  open  a  coimse  for  the 
molten  ore  by  breaking  down  the  barrier  of  sand  by  which  it 
is  confined. 

§  9.  The  fragments  of  pre-existing  rocks  accidentally  enve- 
loped by  lava  in  its  advance  are  observed  to  be  variously  affected 
by  the  heat.  In  general^  when  quite  in  the  interior  of  the 
current^  they  are  partially  Aised  on  the  surface^  and  sometimes 
incorporated  so  closely  with  the  surroimding  substance  that  it 
is  difficult  to  trace  their  outline  with  clearness.  Fragments 
of  limestone  still  preserve  their  carbonic  acid^  but  have  often 
acquired  a  crystalline  grain^  probably  from  having  been  par- 
tially fused  under  pressure^  as  in  the  experiments  of  Sir  James 
Hall.  JNear  Aurillac,  in  the  Cantal^  I  have  found  fi*cshwater 
sheUs  of  this  character  in  the  lowest  stratum  of  a  basaltic 
current^  which  appears  to  have  flowed  fix)m  the  heights  of  the 
moimtain  into  the  tertiary  lake  that  existed  at  its  foot.  Frag- 
ments of  sandstone  enveloped  in  this  manner  are  usually 
hardened;  and  day  is  frequently  converted  into  a  substance 
resembling  jasper  (porcelain  jasper)^  and  in  other  instances 
into  tripoli. 

Under  such  circumstances^  so  complete  an  intermixture 
has  occasionally  taken  place  of  the  molten  lava  with  the  soft 
sediment,  that  it  becomes  difficult  to  determine  which  pre- 
ponderates, and  whether  the  resulting  rock  should  be  classed 
as  of  igneous  or  aqueous  origin.  Thus,  in  the  great  basaltic 
platform  of  the  Deccan  (India),  the  eruption  of  which  in 
voluminous  lava-streams  seems  to  have  occurred  contem- 
poraneously with  the  deposition  of  much  calcareous  and 
arenaceous  matter  in  great  fi*eshwater  lakes,  the  basalt  is 
described  as  much  impregnated  with  lime,  which  fills  fissures 
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and  seamB  in  it^  and  as  containing  freshwater  shells^  wood,  &c., 
as  well  as  much  calcareous  spar,  jasper,  zeolites,  quartz-cry- 
stals, &c.  Some  portions  of  the  arenaceous  matter  are  con- 
verted into  red  or  grey  chert "  deeply  imbedded  in  the  basalt,'' 
and  partly  enamelled  (quartz-retinite)'^.  The  lime  so  entan- 
gled was  probably  often  fused.  Mr.  Darwin  describes,  in  St. 
Jago  (Cape  de  Verde  Isles),  a  bed  entirely  composed  of  lime, 
which  he  believes  to  have  been  erupted  in  a  fused  and  lique- 
fied state,  mingled  with  the  molten  lava.  *'  In  Quail  Island 
a  single  sheet  of  lava,  but  12  feet  thick,  rolling  over  earthy 
lime,  has  changed  it  into  crystalline  calcareous  spar,  or  a 
breccia  of  glossy  black  scorise  cemented  by  a  snow-white, 
highly  crystalline  base ;  while  numerous  little  balls,  composed 
of  spiculse  of  calc-spar,  occupy  the  interstices  f  .'^  This  descrip- 
tion applies  equally  to  the  calcareous  peperino  of  Central 
France,  formed  where  eruptions  have  broken  through  the  soft 
marly  sediment  of  its  lakes.  Where  the  carbonic  acid  has 
been  driven  off  in  part,  and  the  matter  reduced  to  quick- 
lime, this  has  often  probably  been  carried  away  by  aqueous 
vapour  penetrating  the  pores  of  the  rock,  and  replaced  by 
dissolved  silica,  which  thus  either  impregnates  the  whole  rock, 
or  fills  the  casts  of  shells  left  by  the  disappearance  of  the  lime. 
It  is  likely  that  some  of  the  highly  siliceous  lava-rocks  have 
this  metamorphic  origin. 

The  production  of  magnesia  often  characterizes  the  contact 
of  calcareous  strata  with  heated  lava,  proceeding,  no  doubt, 
from  the  abundant  augitic  element  in  the  latter.  Hence  the 
frequent  dolomitization  of  limestones  in  contact  with  trap, 
and  the  production  of  steatitic  and  soapy  serpentinous  rocks 
in  other  instaoces. 

So  also,  lava  injected  upwards  through  fissures,  and  consti- 
tuting dykes,  has  occasionally  effected  changes  of  a  similar 

*  Malcoknflon  ''  on  the  great  Basaltic  District  of  Western  and  Central 
India,"  Geol.  Trans.  2nd  ser.  >*ol.  v.  p.  537. 
t  Darwin,  *  V^olcanic  Islands,'  p.  12. 
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diameter  in  the  rocks  which  it  trayersed — especially  if  the 
dyke  was  very  wide,  and  the  lava  consequently  retained  its  heat 
for  a  long  time.    But,  owing  to  the  immediate  solidification  of 
lava  flowing  in  the  open  air  as  soon  as  it  impinges  on  any  ob- 
stacle, it  seldom  seems  to  radiate  sufficient  heat  to  produce  any 
important  change  in  the  substance  of  these  impediments.  The 
numerous  recent  lava-currents  in  the  Auvei^e,  which  have 
flowed  to  a  great  distance  over  both  granite  and  limestone, 
have  rarely  effected  any  alteration  except  on  the  mere  surfaces 
of  those  solid  rocks  with  which  they  have  come  in  contact,  or 
on  the  firagments  they  have  caught  up  and  enveloped.     The 
soil  or  loam  which  a  lava-stream  covers  is  usually  reddened 
to  a  brick  colour,  as  if  burnt.    This  change  sometimes  pene- 
trates to  the  depth  of  several  feet;  at  others,  it  is  merely 
superficial.     Clay  is  occasionally  turned  into  jasper ;   marl 
into  pechstein   or   retinite.      When  Torre  del   Greco  was 
overflowed  by  the  lava  of  1794,  some  curious  circumstances 
were  observed  as  to  the  effect  produced  on  the  metallic  and 
earthy  substances  which  it  enveloped.    Both  were  in  part  vola- 
tilized and  deposited  as  crystalline  sublimations  on  neigh- 
bouring points.   The  component  metals  of  some  alloys  crystal- 
lized separately^.     This  took  place,  it  must  be  remembered, 
in  the  interior  of  the  lava-mass,  which  retained  a  high  tem- 
perature for  a  long  time.     In  metamorphic  changes  of  this 
character,  time  appears  to  be  an  essential  element. 

When  lava  flows  over  an  uneven  surface,  it  miist  fill  any 
hollows  it  meets  with,  and  any  open  fissures  or  crevices  which 
may  exist  in  that  sur&ce.  After  the  matter  has  cooled,  such 
filled-up  fissures  will  have  the  character  of  dykes;  but  the 
greater  number  of  dykes  are  presumably  formed  by  injection 
of  lava  from  below  rather  than  by  its  intrusion  frt)m  above, — 
the  heavings  of  the  rocks  which  overlie  or  adjoin  a  volcanic 
vent  during  or  previous  to  its  eruptions  being,  as  already 
suggested,  likely  to  produce  numerous  cracks  opening  inwardly, 

*  See  Bricslak,  Voyage  dans  la  Campanie,  torn.  i.  p.  278. 
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and  in  immediate  prozimi^  to  the  intamescent  lava  within 
the  vent  or  diief  channel  of  dischai^. 

Dykes  of  either  kind  often  inoBCoUte,  or  branch  out  of  one 
another.  They  are  usually  vertical,  or  nearly  §o;  but  some 
take  for  a  time  a  nearly  horizontal  course,  the  lava  being 
injected  into  the  seams  aeparating  contiguous  strata  of  rode, 
in  which  direction  it  may  occasionally  split  more  readily  than 
in  a  tiansverse  one ;  or,  if  the  lava  meet  with  a  stratum  of 
loosely-aggregated  fragmentary  matter,  it  may  force  or  melt 
its  way  through  it.  In  these  cases  it  is  not  easy,  in  sections  of 
moderate  area,  to  distinguish  between  a  dyke  and  a  true  bed. 
Such  conformable  dykes,  however,  are  rarely  found  persistent 
for  any  distance,  but  scxin  branch  off  in  a  direction  transverse 
to  the  planes  cS  the  strata  they  have  penetrated.  Aa  a  general 
nde,  beds  of  lava-rock,  exhibiting  a  horisoutal  or  nearly  hori- 
zontal position  in  a  vertical  cliff-section,  may  be  sseumcd  to 
have  flowed  into  that  poeitioo  as  a  current ;  while  the  vertical 
orneu'ly  vertical  beds  that  cross  these  are  true  intrusive  dykes. 
Kg.  22. 


Djim  pnyeoting  from  boriioiital  itrata  of  Istb  md  aaaruB-ecti^tiiment^ 
in  tbe  Tal  del  Bore.    (From  Sir  C.  Ijell'i  ManiuL) 

whether  filled  from  above  or  below.     The  dykes  being  com- 
posed of  hard  rock,  while  the  strata  traversed  by  them  are 
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often  more  easily  disintegrated,  they  appear  occasionally  pro- 
jecting from  an  exposed  surface  in  the  manner  represented  in 
fig.  22.  Hence  the  name  given  to  them ;  dyke  signifying  a 
wall  in  North-country  dialects. 

When  a  current  of  lava  flows  over  marshy  ground,  the 
sudden  vaporization  of  the  humidity  confined  below  must 
occasion  explosive  discharges,  that  here  and  there  disturb  and 
tear  their  way  through  the  superincumbent  mass,  scattering 
its  fragments  into  the  air,  and  thus  creating  rude  hollows  and 
sooriform  protuberances  on  the  surface. 

When  a  lava-current  enters  the  sea,  or  any  other  body  of 
water,  a  similar  effect  will  be  in  part  produced;  but  these 
explosions  are  of  no  very  extraordinary  violence.  It  has  been 
supposed  that  on  such  occasions  a  terrific  combat  must  ensue 
between  the  two  elements,  and  very  poetical  images  have 
been  employed  to  heighten  the  colouring  of  the  picture ;  but 
the  fact  appears  to  be  otherwise.  A  certain  quantity  of  the 
water  that  approaches  nearest  to  the  incandescent  lava,  as  it 
is  protruded  fiom  the  extremity  of  the  current,  is,  of  course, 
heated  and  vaporized ;  but  the  superficial  consolidation  that 
instantly  ensues  prevents  any  further  contact.  The  fissures 
that  open  in  this  crust,  as  it  solidifies,  emit  torrents  of  vapour 
the  instant  they  are  formed,  which  must  impede  the  entrance 
of  the  surrounding  water  till  their  sides  are  consolidated  and 
comparatively  cooled. 

In  other  respects  we  believe  that  a  current  of  lava  advancing 
below  water  conducts  itself  much  in  the  same  manner  as  on 
dry  land.  A  stream  of  lava  flowed  from  Vesuvius  in  1794, 
and,  after  overwhelming  Torre  del  Greco,  poured  itself  into  the 
sea;  and  a  still  more  copious  current  issued  from  the  Monti 
Rossi,  above  Catania,  in  1669,  and  flowed  into  the  sea,  near 
that  city,  forming  a  promontory  which  projects  more  than  half 
a  mile  beyond  the  original  line  of  coast ;  but  in  neither  case 
was  there  any  extraordinary  commotion  occasioned  by  the 
conflict  of  the  two  elements. 
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The  caloriCj  however,  abetracted  from  the  lava^  both  by 
actual  contact  and  by  the  condensation  of  its  heated  vapour, 
communicates  a  proportionately  high  temperature  to  the  water 
in  its  vicinity,  which  on  such  occasions  is  observed  to  be 
heated,  discoloured,  and  rendered  turbid  to  some  distance. 
Fish  have  been  often  found  killed,  in  very  considerable  num* 
bers,  by  this  sudden  change  of  temperature  in  their  native 
element.  Thus,  during  the  great  eruptions  of  Lancerote,  one 
of  the  Canaries,  which  continued  unceasingly,  and  with  intense 
violence,  through  the  years  1730-1736,  immense  multitudes  of 
fish  are  said  to  have  been  cast  ashore  dead.  The  same  occurred 
in  Iceland  in  1788.  At  Stromboli  the  fishermen  told  me  that, 
after  any  violent  eruption  of  the  volcano,  during  which  lava 
probably  issues  below  the  sea-level  from  the  flank  of  this  sub- 
marine mountain,  shoals  of  dead  fish,  parboiled,  are  often 
thrown  up  on  the  shore.  It  is  fSEur  finom  improbable  that  the 
ichthyoUtes  of  Monte  Bolca  were  destroyed  by  an  occurrence 
of  this  nature,  since  the  fissile  limestone  in  which  they  are 
imbedded  is  immediately  capped  by  a  bed  of  basalt  and  calca- 
reous peperino.  The  latter  rock  proves  the  eruption  that 
produced  the  basalt  to  have  been  submarine ;  and  the  remark- 
able attitudes  of  some  of  the  fish  bear  evidence  to  the  extremely 
sudden  nature  of  the  catastrophe  that  at  once  destroyed  and 
buried  them  in  the  sofl  calcareous  sediment  which  was  at  that 
time  in  process  of  deposition  at  the  bottom  of  the  sea. 

§  10.  Consolidation  of  lava-currenis. — ^The  slag-crust  which 
forms  on  the  surface  of  a  lava-stream  on  its  exposure  to  the  air 
being,  as  already  stated,  an  extremely  bad  conductor  of  heat, 
such  streams  are  very  slowly  cooled  and  consolidated.  In  many 
instances  it  has  been  found  that,  for  years  after  its  emission, 
the  heat,  at  but  a  few  feet  below  the  surface,  is  sufiScient  to 
set  fire  to  a  stick  thrust  into  the  deeper  crevices.  Hence  we 
may  infer  that,  in  places  where  the  current  is  of  great  thick- 
ness— and  some  are  known,  as  in  Iceland,  to  have  a  depth  of 
500  or  600  feet — a  very  long  period  must  elapse,  perhaps 
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centuries,  before  the  process  of  cooling  and  consolidation  can 
be  completed.  The  lower  part  of  the  current  will  necessarily 
be  the  last  to  consolidate  j  and  from  this  cause  it  happens 
that,  when  laid  open  by  subsequent  denudation,  the  inferior 
portion  of  a  lava-stream  is  always  found  to  be  more  regu- 
larly divided  by  fisBurea  of  retreat  than  the  upper — so  regu- 
lariy  in  some  instances  as  to  exhibit  that  prismatic  or  co- 
lumnar arrangement  well-known  as  basaltic  colonnades.  In 
the  valleys  of  the  Vivarais,  the  lava-streams  which  have  flowed 
into  and  occupied  the  beds  of  their  rivers,  and  have  been 
subsequently  worn  down  in  great  part  by  the  running  waters, 
display  sections  of  the  interior  of  each,  often  some  miles  in 
length,  having  a  very  regular  and  beautiful  columnar  arrange- 
ment from  the  base  up  to  about  one-third  or  one^half  of  their 
entire  thickness,  which  is  in  places  upwards  of  100  feet.  The 
npper  part  is  divided  by  joints  into  groups  of  mder  prisms  of 
varying  size,  that  assume  different  directions — generally,  how- 
ever, at  right  angles  to  certain  main  or  primary  joints,  which 
are  mostly  vertical.  The  plane  of  separation  between  the 
upper  and  lower  portion  is  very  distinctly  defined,  and  uni- 
formly parallel  to  the  base ;  but  yet  the  two  portions  cohere 
strongly,  and,  indeed,  pass  into  each  other.     (See  fig.  S3.) 

Fig.  23. 


HiIutbI  Motionof  part  of  BbaulticlaTa-current  in  the 
Tb11<7  of  the  Ardiche  (Tivuwa). 

It  has,  I  believe,  been  generally  cooudered  that  these  two 
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portions  were  distinct  currents  of  lava,  one  superposed  to  the 
other ;  bnt  the  intimate  union  of  the  two  at  the  line  of  jnne- 
tion,  without  the  interposition  of  a  single  scoria,  completely 
negatives  this  hypothesis.  The  plane  of  separation  probably 
marics  the  division  between  the  upper  pcntion,  which  was  first 
consolidated  by  the  upward  escape  of  its  heat  and  vapoor, 
Smm  the  lower,  which  parted  with  its  heat  downwards  to  the 
supporting  beds,  and  was  perhaps  long  liquid,  and  even  in 
slow  lateral  motion  after  the  consolidation  of  the  npper  part 
had  been  completed.  Indeed  this  supposition  may  be  said  to 
be  demonstrated  by  the  &ct  that,  wherever  the  lava-bed  re- 


poses upon  an  irregular  surface,  the  columns  are  found  inva- 
riably to  have  taken  a  direction  perpendicular  to  its  plane, 
which  must  therefore  have  been  the  surface  at  which  the  divi- 
sionary process  commenced.  Thus,  when  columnar  lava  rests 
on  a  convex  surface,  as  at  a,  c,  fig.  24,  the  prisms  are  found 
to  convei^  downwards ;  when  upon  a  concave  one,  as  e,  b, 
npwarda. 

§  11,  It  may  be  worth  while  to  examine  the  cause  of  tliis 
very  regular  divisionary  structure  in  some  lavas.  As  any  pasty 
or  semi-liquid  matter,  such  as  lava,  parts  with  its  fluid  vehicle, 
whether  this  be  water  or  heat,  or  both  combined,  its  particles 
tend  to  come  into  closer  union,  and  consequently  its  mass 
contracts,  or  Bhrinks.  If  the  process  of  consolidation  begin  at 
the  surface,  as  is  always  the  case  when  it  is  effected  by  contact 
with  either  a  rarer  or  a  cooler  body,  the  tendency  to  contract 
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is  exerted  on  aU  points  of  the  superficial  layer  which  is  under- 
going  the  process.  The  shrinkage  caused  by  the  contractile 
force  in  a  direction  perpendicular  to  the  surface  effects  no  rent^ 
because  the  liquidity  of  the  matter  allows  of  its  yielding  by 
the  motion  of  its  particles  in  that  direction ;  but,  on  the  con- 
trary, the  contractile  force  which  is  exerted  at  any  point  in  the 
plane  of  the  surface  is  counteracted  by  the  contemporaneous 
shrinking  of  the  surrounding  parts.  From  the  action  of  these 
opposing  forces,  the  superficial  plane  or  layer  must  be  divided, 
by  a  greater  or  less  number  of  rents,  into  distinct  portions,  in 
each  of  which  the  aggregate  force  of  contraction  overcomes 
the  opposing  forces  of  the  surrounding  parts.  In  each  a 
centre  of  contraction  establishes  itself,  the  particle  which  oc- 
cupies that  point  remaining  stationary,  while  the  others  are 
drawn  from  every  side  towards  it.  Under  favourable  circum- 
stances, a  concretionary  arrangement  of  the  particles  accom- 
panies this  change  of  their  position,  by  which  they  are  enabled 
to  dispose  themselves  more  or  less  according  to  their  mutual 
affinities,  and  that  tendency  which  all  bodies  have  to  collect 

Fig.  25. 


round  any  nucleus  that  may  present  itself  at  the  right  time 
and  in  the  right  place,  by  a  sort  of  molecular  attraction  acting 
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within  sensible  distances.  The  rents  (or  fissures  of  retreat) 
dividing  the  separate  portions  form  themselves  along  those 
lines  where  the  contractile  and  concretionary  forces  of  the 
proximate  centres  balance  one  another.  If  the  process  took 
place  while  the  matter  was  perfectly  tranquil^  and  if  its  sub- 
stance were  completely  homogeneous^  the  centres  would  be 
equidistant^  and  all  the  circles  within  which  their  influence 
operates  equal.  The  rents  would  therefore  divide  the  con- 
solidated layer  into  regular  hexagons;  each  fissure  being 
tangential  to  the  two  proximate  circles  between  which  it  is 
formed  (see  fig.  25). 

But  so  far  as  the  liquidity  of  the  matter  beneath  this 
superficial  layer  allows  it  to  yield  to  the  contractile  force  in 
a  direction  perpendicidar  to  the  surface^  no  rent  will  be  pro- 
duced parallel  to  that  plane.  Therefore^  by  the  continued 
inward  propagation  of  the  process  of  consolidation^  the  fissures 
will  be  prolonged  towards  the  interior  in  planes  perpendicular 
to  the  surface  at  which  consolidation  commenced^  by  which  the 
mass  will  be  divided  into  hexagonal  prisms;  the  line  described 
by  the  centre  of  contraction  forming  the  axis  of  each  prism. 

In  all  lava-streams^  however^  the  consolidation  of  the  outer 
sur&ce  exposed  to  the  air  is  so  rapid^  and  disturbed  by  the 
continued  and  irregular  movement  of  the  current  beneath^  as 
well  as  by  the  violent  escape  of  the  confined  vapours,  that  the 
process  of  contraction  must  be  irregular  and  tumultuous,  and 
the  polygonal  blocks  into  which  the  upper  portion  of  the  mass 
divides  itself  are  consequently  rude,  unequal,  and  often  shape- 
less, though  in  many  cases  a  tendency  to  a  hexagonal  figure  is 
perceivable.  Moreover,  the  prolongation  of  the  prisms  in- 
wardly being  dependent  on  the  lava  of  the  interior  continuing 
to  yield  to  the  contractile  force  in  the  direction  of  their  axes, 
in  proportion  as  its  liquidity  is  too  imperfect  for  this,  trans- 
verse fissures,  or  joints,  will  be  formed,  separating  the  prisms 
into  so  many  portions  or  articulations. 

This  double  system  of  divisions  it  is  which,  where  the  grain 
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of  the  lava  was  coarse  and  its  texture  open^  and  oonsolida- 
tion  therefore  hasty^  firom  the  rapid  escape  of  the  contained 
vapour^  has  broken  it  up  superficially  into  those  cuboidal  or 
prismatic  blocks  already  mentioned  as  characterizing  many 
lava-fields.  And  in  very  few  cases  does  the  divisional  struc- 
ture^ caused  by  the  inward  progress  of  consolidation  from  the 
external  exposed  surfiEkcej  exhibit  any  remarkable  r^ularity. 
In  shallow  and  therefore  rapidly-cooled  sheets  of  lava^  rude 
shrinkage-joints  often  penetrate  the  whole  mass.  But  where 
the  thickness  of  the  bed  is  sufficient  to  cause  the  inferior 
portion  to  retidn  its  liquidity  for  a  long  time^  and  the  process 
of  consolidation,  as  respects  that  part,  proceeds  from  the  lower 
sur&ce  tranquilly  and  slowly,  the  prisms  often  become  there 
very  regular  and  symmetrical,  assuming  the  well-known  co- 
lumnar figure,  in  which  the  section  of  each  column  approxi- 
mates to  a  true  hexagon. 

This  regularity  of  divisional  structure  takes  place  also  in 
many  dykes  (which,  no  doubt,  generally  cooled  more  slowly 
than  lava  exposed  to  the  air),  the  axes  of  the  columns  being 
perpendicular  to  the  respective  sides  of  the  dyke,  that  is,  the 
cooling  surfaces.  But  as  the  process  commences  usually  on 
both  sides,  the  columns  will  not  be  likely  to  meet  regularly 
and  continuously  at  its  middle.  Hence  the  greater  number  of 
columnar  dykes  have  a  central  seam  of  amorphous  lava,  or  an 
irregular  plane,  separating  the  two  halves.  Sometimes  a  fresh 
injection  of  lava  has  penetrated  this  central  seam,  producing 
the  appearance  of  a  dyke  within  a  dyke. 

In  the  same  way,  in  a  horizontal  bed  of  lava,  a  seam  or 
marked  plane  of  separation  generally  divides  the  upper  portion, 
which  was  consolidated  rapidly  and  tumultuously  by  parting 
with  its  heat  upwards — ^and,  from  the  causes  already  mentioned, 
is  but  rudelyprismatic,  if  at  all — from  the  lower  portion,  which 
was  consolidated  more  slowly  and  tranquilly  by  loss  of  heat  at 
the  lower  surface,  and  is  consequently  divided  with  more  re- 
gularity, often  into  columns  of  almost  architectural  imiformity 
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and  beanty.  The  contrast  between  the  upper  and  often  qnite 
amozphouB  portion  of  the  mass,  and  the  lover  columnar  one, 
ia  sometimes  striking,  and  so  great  as  to  have  led  many 
geologists  to  suppose  them  to  be  sepacate  beds  formed  by 
distinct  flows  of  lava  (see  fig.  28,  tupra) ;  bat  a  close  examina- 
tion will  always,  I  believe,  detect  the  nnqnestionable  connexion 
and  interpenetration  of  the  two  portions.  No  scoriffi  anywhere 
interfile,  as  would  certainly  have  been  the  case  bad  the  two 
portions  been  separate  currents.  The  celebrated  adumnar 
range  of  Fingal's  Cave  and  those  of  the  Antrim  coast  sections 
present  the  same  fact  in  a  remai^able  manner. 
Fig.  26. 


Pan  of  the  b«Mltto  ooloniude  of  Porlnub  (oo.  AnMm). 
As  might  be  expected,  the  more  liquid  the  lava,  the  finer 
its  grain,  and  the  more  homogeneous  its  substance,  the  more 
oniformly  in  general,  catena  paribus,  haa  the  concretionary 
process  operated,  and  the  more  regular  and  numerous  are  the 
resulting  columns.  This  also  would  be  naturally  favoured  by 
the  thickness  and  consequent  slow  cooling  of  the  bed.  As 
has  been  already  said,  the  axes  of  the  columns  being  always 
perpendicular  to  the  cooling  Burface,  where  this  was  concave 
they  converge  &om  it,  where  convex  they  diverge  in  the  oppo- 
site  direction.  Hence  the  fan-shaped  groups  of  prisms  often 
observable  in  columnar  ranges*.      Sometimes  the  columns 

*  Since  one  of  the  nuun  cuuee  of  the  rapid  dt^ndatiou  of  volcanic 

rocka,  particuliulf  basalt,  liee  in  the  fiwility  with  which  rwn-water  pene- 

tntaa  between  its  prismatic  divisions,  and  the  conaequent  eSect  of  froat 

in  rending  them  uimder,  it  is  obvious  that  this  disaggn^^ation  will  be 
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have  taken  a  gradual  and  graceful  curve;  probably  in  con- 
sequence of  some  slow  movement  impressed  upon  the  lava- 
matter  during  the  process  of  consolidation  (fig.  27). 

Occasionally  (as  for  example^  at  La  Tour  d' Auvergne^  in  the 
Mont  Dore)^  the  columns  show  a  cylinder  of  compact  black 
basalt  within  a  prismatic  case  of  lighter  colour  and  looser 

greatly  facilitated  by  the  prigms  converging  downwards,  owing  to  which 
their  own  weight  assists  in  disuniting  them ;  while,  on  the  contrary,  it  is 
most  effectively  opposed  by  the  contraiy  arrangement. 

This  consideration  explains  the  origin  of  those  insulated  conical  peaks 
of  frequent  occurrence  in  basaltic  districts,  and  which  have  been  so  often 
appropriated,  in  Central  France,  Germany,  and  Italy,  to  the  sites  of 
feudal  fortresses.  They  will,  for  the  most  part,  if  not  universally,  be  found 
to  owe  their  existence  to  the  extreme  stability  occasioned  by  a  pyramidal 
grouping  of  columns,  and  the  freedom  from  joints,  which  has  enabled  them 
to  outlive  the  destruction  of  the  remainder  of  the  beds  to  which  they 
belonged. 

One  of  the  most  magnificent  columnar  peaks  of  the  kind  is  to  be  seen 
at  Murat  (D^pt  Cantal)  in  France.  (See  Plate  X.  of  my  *  Volcanos  of 
Central  France,'  2nd  edit  Murray,  1858.) 

It  may  be  remarked,  that  the  destruction  of  the  basaltic  beds  in  which 
such  conical  eminences  were  once  included  has  evidently  been  the  result 
of  the  slow  operation  of  the  causes  now  in  action.  Any  violent  rush  of 
waters  would  sweep  away  a  pyramidal  cluster  of  columns  almost  as  easily 
as  a  vertical  one;  it  is  the  long-continued  influence  of  vertical  rain  and 
frost  that  will  alone  explain  the  uniform  destruction  of  the  one  and  pre- 
servation of  the  other. 

Another  frequent  cause  of  dilapidation,  peculiar  to  volcanic  rocks, 
but  which  must  not  be  enlarged  on  in  this  place,  is  their  superposi- 
tion to  beds  of  clay,  tuff,  scoriae,  and  other  loose  matters,  which  are 
easily  washed  away,  and  the  overlying  rock  consequently  undermined. 
The  prismatic  structure,  by  allowing  the  percolation  of  water  to  these 
lower  beds,  obviously  accelerates  the  process.  Where  columnar  dykes 
have  been  denuded  by  the  destruction  of  their  lateral  enclosures  (which 
often  consist  of  a  more  friable  rock,  probably  a  scorice-conglomerate),  they 
project  like  walls  of  Cyclopean  architecture;  the  extremities  of  the 
prisms,  laid  horizontally,  showing  their  polygonal  surfaces  on  either  side. 
Sir  C.  Lyell,  in  his  '  Manual '  (ed.  1856,  p.  487),  gives  the  sketch  of  such 
an  insulated  mass,  called  '  the  Chimney,'  in  St  Helena,  projecting  65  feet 
from  its  base.  In  Auvergne,  the  walls  of  some  of  the  old  feudal  fortresses 
referred  to  above,  being  built  of  prisms  laid  horizontally,  the  resemblance 
between  these  and  the  natural  dykes  is  such,  that  the  one  may  be  almost 
mistaken  for  the  other. 
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textiue,  a  s^regation  of  diaaimilar  matter  having  accompanied' 
the  ctmcretioiiary  action. 

Kg.  27. 


Group  of  curred  oolumiii  of  traohyte,  near  tbs  Iile  of  Pum. 

The  error  long  prevailed  of  sappoBing  the  columnar  con- 
figuratioiL  to  he  solely  confined  to  the  oldest  traps.  In  reality 
this  structuie  is  common  to  the  iaierior  of  the  lava-masses  of 
every  age,  in  which  the  composition  and  drcnniBtances  of 
liqnidity  and  dispoeitioTL  were  iavourahle  to  its  prodoction. 
Soch  masses,  when  of  an  early  date,  have  usually  been  worn 
through,  or  denuded,  by  long  exposure  to  aqueous  erosion 
and  other  destructive  processes,  owing  to  which  the  prismado 
configuration  of  their  interior  has  been  disclosed  to  view, 
while  in  the  currents  of  modem  volcanos  opportunities  of  ob- 
serving their  internal  structure  are  more  rarely  afibrded.  But 
where  this  ia  the  case,  as  in  the  sections  afforded  by  the  deep 
ravines  or  vertical  clifis  of  Etna,  Iceland,  Bourbon,  and  even 
Vesuvius,  a  very  regular  columuar  arrangement  is  often  obser- 
vable, even  in  lavas  of  which  the  date  is  known*. 

Under  peculiarly  &vourahle  circumstances,  basaltic  columns 
*  The  tmaaltic  rock  of  La  Hotte,  near  Catania,  u  beaatifiillf  columnar 
in  the  tnterioi,  Bud  eihibita  thig  Btmcture  on  one  nde,  where  it  bM 
Bufieied  great  degradation  &om  the  waves  of  the  sea ;  the  other  sides,  ■■ 
well  as  the  surface,  are  amorphous. — Femia,  Campl  Phlt^rei,  p.  322. 
See  alM  the  woodcut  given  by  Sir  C.  Lyell,  Haonol,  p.  C23,  ed.  1667. 
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have  been  formed  in  lengths  of  100  or  even  150  feet^  some- 
times attainmg  50  feet  or  more  without  a  joint,  although  only 
8  or  9  inches  in  diameter.  The  pyramidal  hill  of  Murat  in  the 
Cantal  has  furnished  some  of  great  length  and  beauty  to  the 
Paris  Museum.  Those  of  Fingal's  Cave  are,  I  believe,  almost 
as  long,  but  larger.  In  some  cases,  especially  where  the  grain 
of  the  lava  is  coarse,  the  prisms  are  colossal  in  bulk,  mea- 
suring six  or  eight  feet  across*. 

*  It  appears  to  me  that  the  explanation  of  this  columnar  structure 
given  in  most  text-books  is  scarcely  complete  or  satisfiictorj.  M.  Delesse, 
indeed,  holds  it,  as  I  do,  to  be  the  combined  result  of ''  crystallization '' 
(rather,  I  would  say,  concretionary  attraction)  ''  and  contraction.*'  Dr. 
Daubeny  denies  that  contraction  has  any  influence  in  its  production 
('Volcanos/  p.  660).  Sir  C.  Lyell  scarcely  enters  upon  the  question  at 
aU  (<  Manual,'  p.  489).  Professor  Jukes  (*  Manual  of  Geology/  p.  199) 
attributes  the  prismatic  arrangement  to  ''contraction  on  consolidation''; 
but  in  the  very  next  page  he  ascribes  it  to  the  *' squeezing  together  of  con- 
tiguous spheroids/'  following  in  this  opinion,  and  quoting,  Gregory  Watt, 
who,  like  Dr.  Daubeny  and  some  other  recent  writers,  seems  to  have 
considered  the  prisms  to  be  necessarily  composed  of  spheraida  pressing 
against  each  other.  But  it  is  evident  that  the  contiguous  spheroids  must 
have  been  Jirst  uparated  before  they  could  (if  ever  they  did)  press  against 
each  other.  The  question  to  be  solved  is,  what  caused  the  separation  of 
the  prisms,  t.  e,  the  seam,  or  solution  of  continuity,  between  them,  which 
is  so  complete  that  they  fall  apart  the  moment  their  centre  of  gravity 
18  unsupported  P  The  cause  surely  must  have  been  contraction.  More- 
over,  the  spheroidal-concretionary  theory  only  accounts  for  the  forma- 
tion of  an  irr^ular  aggregation  of  spheroids.  The  prolongation  of  the 
column  in  a  direction  perpendicular  to  the  cooling  surface,  withond  any 
joints  and  sometimes  to  distances  100  times  the  diameter  of  the  column, 
can  only,  to  my  mind,  be  accounted  for  by  a  contractile  force  drawing  the 
particles  towards  the  already  consolidated  and  fissured  surfiftoe,  while  the 
fluidity  of  the  interior  allowed  of  their  movement  in  that  direction. 

There  is  no  reason  to  suppose  these  long  columns  to  contain  any  distinct 
spheroids.  Where  such  have  been  formed,  it  has  been  by  the  multipli- 
cation  of  transverse  joints,  each  articulation  containing  a  single  spheroid. 
And  since  the  spheroids  are  always  enclosed  within  the  prisms,  it  seems 
clear  that  the  latter  were  formed  flrst  \  in  other  words,  that  the  shrinkage- 
flssures  were  completed  before  the  concretionary  arrangement  took  efiect 
Had  the  reverse  been  the  case,  which  is  the  view  taken  by  some  geo- 
logists (e,  g.  Dr.  Daubeny,  loe,  eiL),  the  spheroidal  concretions  would 
have  been  irregularly  dispersed  through  the  mass,  not  confined  within  the 
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In  very  regular  basaltic  colmnnB,  the  transverse  joints  are 
not  flat^  bat  curved  into  convex  and  concave  surfaces^  almost 
resembling  a  ball-and-socket  joint.  In  all  the  cases  in  which  I 
have  observed  this,  the  convexity  has  been  downwards,  that  is, 
in  a  direction  towards  the  surface  of  refrigeration  (which  I 
believe  to  be  uniformly  the  lower,  or  base  of  the  lava-bed). 
And  I  would  account  for  it  by  the  earlier  consolidation  of  the 
exterior  than  of  the  interior  of  the  column,  which  would  have 

bounding  suifiices  of  the  prisms.  Indeed  this  difficulty  is  felt  by  the 
writers  I  refer  to,  who  ac^owledge  their  inability  to  account  for  this 
peculiar  arrangement  of  the  spheroids.    (See  Jukes,  loe,  eitJ) 

It  is  well  known  that  a  similar  divisionaiy  strocture  is  produced  in 
bodies  of  mud,  clay,  moist  tuff,  starch,  or  other  pasty  matter,  on  desic- 
cation. This  identity  of  structure  is  sometimes  curiously  observable  in 
dose  juxtaposition  where  lava  has  flowed  over  a  bed  of  moist  day  or 
shale,  whidi,  being  dried  by  the  heat  so  communicated  to  it,  has  split 
into  hexagonal  columns  perpendicular  to  the  drying  surfaces,  and  as  regu- 
lar as  those  of  the  lava  above.  An  example  is  given  by  Professor  Phil« 
lips  in  his  '  Manual/  I  have  seen  many  such  in  volcanic  countries.  So, 
too,  the  soft  friable  sandstone  of  Rotherham  and  other  places,  when  used 
for  the  lining  of  kilns  or  furnaces,  is  found  to  harden  and  split  into  very 
regular  columnar  concretions.  Surely  it  is  irrational  to  suppose  that  in 
these  cases  it  is  contraction,  but  in  that  of  basalt,  &c.  the  very  oppodtey 
viz.  compression,  that  has  caused  their  identical  structure. 

It  has  been  denied  that  in  the  case  of  basaltic  columns  the  prismatic 
configuration  can  have  been  produced  by  contraction,  because  the  prisms 
are  often  in  such  close  contact  that  it  is  impossible  to  insert  a  knife  or  a 
sheet  of  paper  between  them.  It  must  be  recollected,  however,  that  the 
force  by  which  the  contraction  is  produced  acts  only  within  the  most 
minute  and  imperceptible  distances,  and  that  a  space  consisting  of  a  great 
number  of  these  distances  may  yet  be  almost  insensible  to  our  powers  of 
observation.  It  is  also  certain  tiiat  the  fissures  of  retreat  are  subsequently 
narrowed,  and  often  filled  up  by  infiltrations,  usually  of  iron  oxide,  which 
are  deposited  on  the  surfaces  of  the  colunms.  The  reality  of  the  con- 
traction, and  the  extraordinary  force  it  exerts,  are  attested  by  a  drcum- 
stance  which  I  had  an  opportunity  of  observing  atBurzet  in  the  Vlvarais. 
The  basalt  of  this  locality  contains  numerous  large  knots  of  olivin,  often 
of  the  size  of  a  fist;  it  is  at  the  same  time  very  regularly  columnar,  and 
the  columns  are  in  very  close  contact.  Yet  it  has  happened  in  many  in- 
stances that  the  fissures  of  retreat  have  divided  one  of  the  large  olivin 
nodules  into  two ;  half  being  enclosed  in  one  column,  and  the  other  half 
in  another  proximate  column.    Though  the  division  is  complete,  and  the 
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take  place  successively  in  the  same  mass.    TIic  upper  part 

Fig.  29. 


I''    1    /s,\ 


PriaDKttic  obeidiiui  pMEuig  into  globiform.     (Chiaja  di  Luiu,  I)l«  of  Poim.) 

having  been  rapidly  fissured  througli  the  diminution  of  bulk 
which  ensues  from  the  esc^^  of  its  vehicle  of  fluidity  by  per- 
colation through  the  pores  of  the  hardening  lock,  a  second 
series  of  fissures  may  subsequently  be  formed,  perpendicular, 
or  nearly  so,  to  the  first,  when  the  temperature  of  the  lava  is 
lowered  still  further  by  alow  transmission  of  vapour  and  heat 
through  the  first  smes.  In  this  manner  the  rude  blocks  or 
layers  first  formed  are  divided  into  numerous  small  priams 
perpendicular  to  their  bounding  surfaces.  The  former  will  be 
lai^e  and  very  irr^ular,  owing  to  rapidity  of  formation;  the 
latter  small  and  more  perfect.  Amongst  the  basaltic  colon- 
nades of  the  Vivarais  are  some  beautiful  examples  of  this 
double  prismatic  structure.  A  part  of  one  may  be  seen  in 
fig.  23,  tupra. 

So,  too,  it  occasionally  happens  that  a  mass  of  lava,  after 
assuming  a  globiform  structore,  has,  by  subsequent  contraction. 
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been  divided  either  into  prisms  having  their  axis  perpendicular 
to  the  surface  of  the  spheroid^  and  therefore  converging  to  its 
centre^  or  into  concentric  lamellse — ^according  as  the  contractile 
force^  in  its  progress  fix)m  the  surface  to  the  centre  of  the 
mass,  experiences  least  resistance  to  the  movement  of  the 
particles  in  the  direction  of  the  radii,  or  of  the  tangents,  to  the 
sphere.  At  St.  Sandoux,  in  Auvergne,  is  a  beautiful  example 
of  the  former  variety  of  divisionary  structure,  viz.  an  enormous 
spheroid  of  basalt,  more  than  50  feet  in  diameter,  composed  of 
very  regular  and  jointed  colunms  radiating  from  its  centre, 
where  they  are  closely  united,  to  the  circumference,  where  a 
considerable  space  is  left  between  them''*'.  In  the  Sieben- 
gebirge  a  concentrically  laminated  spheroid  of  basalt  is  to  be 
seen,  having  a  diameter  of  500  or  600  feet !  The  laminse  in 
this  case  show  a  tendency  to  columnar  division  likewise,  the 
prisms  being  at  right  angles  to  the  curved  planes  of  the 
laminae  f. 

§  13.  The  division  into  concentric  spheroids  is  common 
and  well  known.  It  occurs  on  every  scale,  from  spheroids 
many  feet  in  diameter  to  the  smallest  oolitic  grains.  Many 
lava-rocks  are  thus  separated  into  angulo-globular  pieces  about 
the  size  of  a  pea,  occasioning  a  pisolitic  structure.  These 
spherulites  are  sometimes  only  disclosed  by  decomposition. 
In  the  greystone  or  semi-augitic  lavas,  each  has  a  grain  or 
crystal  of  felspar  for  a  nucleus.  Bocks  of  this  character 
have  been  called  Variolites.  In  the  very  felspathic,  and  espe- 
cially in  the  vitreous  lavas,  this  structure  is  frequent;  the 
spherulites  assume  a  pearly  lustre,  and  the  resultant  rock  is 
called  Pearlstone,  vast  masses  of  which  occur  in  Hungary  and 
the  Andes  of  Peru.  The  spherulites,  or  crystallites,  as  they  are 
sometimes  called,  are  more  or  less  crystalline,  having  at  times 
a  radiated,  at  others  a  concentric  lamellar  structure,  occasion- 

*  An  engraving  of  this  rock  is  given  by  Faujas  de  St.  Fond, '  Sur  le 
Vivarais  et  le  Velay.' 
t  Noggerath,  Rheinland,  vol.  ii.  p.  250. 
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ally  both  combined.  They  are  of  exactly  the  same  character 
as  those  which  form  themselves  in  the  refuse  slag  of  glass- 
furnaces  ;  and  the  multiplication  of  such  spheruUtic  concretions 
throughout  the  mass  transforms  its  vitreous  texture  into  a  more 
or  less  stony  or  scaly  one^  just  as  happens  by  slow  cooling  of 
the  fused  Bowley  Bag  basalt  in  Messrs.  Chancers  manufactory 
of  artificial  stone  at  Birmingham.  Passages  of  this  kind  from 
a  wholly  vitreous  to  a  stony  texture  may  be  observed  in  many 
felspathic  lava-rocks.  In  some — ^for  example^  in  those  of  the 
Ponza  Isles  and  Ischia — ^the  movement  of  the  matter^  probably 
under  considerable  pressure^  has  evidently  dragged  out  the 
felspathic  spherulites  into  flattened  disks^  and  ultimately  into 
thin  planes,  which  give  a  patched  or  ribboned  and  laminated 
structure  to  the  rock. 

§  14.  Some  lavas,  by  the  multiplication  of  joints  parallel 
to  the  cooling  surfaces,  assume  on  consolidation  a  tabidar  or 
lamellar  divisionary  structure.  This  occurs  most  frequently 
where  the  component  inequiaxed  crystals  or  scales  are  dis- 
posed conformably;  owing  to  which,  the  fluidity  is  greater 
in  the  direction  of  their  longest  plane  surfaces  than  in  the 
transverse  direction,  occasioning  the  more  frequent  production 
of  retreat-flssures  across,  than  with,  the  grain  of  the  rock ;  and 
thus  the  lava  is  divided  into  concretionary  plates  or  lamellae,  of 
greater  or  less  thickness,  according  to  the  greater  or  less  differ* 
ence  in  the  fluidity  of  the  lava  in  these  opposite  directions. 
When  the  thickness  is  comparatively  great,  the  structure  is 
called  tabular  I  when  less  so,  lamellar  \  and  when  the  plates 
are  very  thin,  slaty  or  schistose.  The  cause  of  the  parallel 
disposition  of  the  crystalline  particles  of  such  lavas  is  probably 
the  squeezing  or  dragging  out  to  which  they  have  been  sub- 
jected while  moving  on  or  under  pressure,  already  referred 
to  as  productive  of  a  laminated  structure  in  many  trachytes, — 
the  same  process,  in  fact,  which  is  now  recognized  as  the 
cause  of  cleavage  in  day-slate. 

The  lamellar  structure  is  often  accompanied  by  the  pris- 
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matic  or  columnar,  of  which,  however,  it  is  wholly  independent. 
The  prisms,  being  perpendicular  to  the  exposed  surfaces,  are 
generally  (though  not  necessarily)  transverse  to  the  planes  of 
the  lamellfie ;  which  being  always  parallel  to  the  direction  in 
which  the  lava  moved,  and  by  that  motion  led  its  crystalline 
particles  to  arrange  themselves  in  planes,  are  also,  of  course, 
mostly  parallel  to  the  outer  surfaces  of  the  bed,  current,  or 
dyke. 

A  remarkable  example'of  this  united  structure  occurs  in  the 
Boche  Tuiliere  in  the  Mont  Dore.  The  clinkstone  of  which 
this  rock  is  composed  (an  insulated  fragment  of  the  vast  cur- 
rent descending  from  the  Puy  Gros)  is  regularly  divided  into 
nearly  vertical  columns.  It  is  also  extremely  schistose,  as  the 
vulgar  name  of  the  rock  implies,  the  laminae  being  used  as 
sUtes  for  roofing.  The  direction  of  the  lamelhe  in  the  centre 
of  the  rock  is  horizontal,  and  therefore  perpendicidar  to  the 
axis  of  the  prisms,  but  gradually  declines  towards  the  north, 
until  it  becomes  parallel  with  their  axis.  The  fact  that  the 
former  airangemeixt  communicates  great  soUdity  to  the  prisms, 
while  the  latter  affords  easy  access  to  the  agents  of  division 
and  degradation,  perfectly  accounts  for  the  isolation  of  this 
rock ;  the  part  in  which  the  latter  arrangement  prevailed  being 
wasted  away.  This  curvature  of  the  lamellae  is  probably,  as 
has  been  said,  owing  to  some  change  in  the  direction  of  the 
movement  or  pressure  to  which  the  matter  was  subjected 
during  the  progress  of  consolidation.  It  is  seemingly  ana- 
logous to  the  curvature  of  the  blue  and  white  veins  in  a 
glacier. 

Some  of  the  basaltic  lavas  of  the  Mont  Dore,  as  at  St.  Bon- 
net, are  remarkable  for  their  tabulated  structure — ^the  tables 
measuring  frequently  10  or  12  feet  in  length,  nearly  as  much 
in  breadth,  and  from  2  to  6  inches  only  in  thickness.  They 
ring  like  a  bell.  The  grain  of  the  rock  is  close,  fine,  and 
minutely  crystalline.  Clinkstone  rings  in  the  same  manner, 
whence  its  name. 
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Just  as  the  incomplete  yielding  or  subsidence  of  the  lava 
in  a  direction  vertical  to  the  cooling  surface  occasions  the 
transverse  fissures^  or  joints y  by  which  the  columnar  concre- 
tions are  divided,  so,  when  the  fluidity  of  the  slaty  lavas  in  the 
direction  of  the  scales,  or  plates,  is  insufficient  entirely  to 
compensate  all  the  tendency  to  contract  in  that  direction, 
transverse  joints  are  produced  in  them  at  intervals  more  or 
less  distant;  and  by  the  multiplication  of  these,  the  tables 
assume  a  cubical  or  rhomboidal  form,  such  as  is  conspicuous 
in  the  earlier  traps,  in  syenite,  and  even  in  granite''*'. 

§  15.  It  has  been  seen  that  the  divisionary  structure,  or 
r^ularity  of  internal  form,  which  a  mass  of  pasty  lava  may 
assume  during  its  refrigeration  or  consolidation,  according  to 
circumstances,  comprehends  the  following  varieties : —  % 

1.  The  prismatic  or  columnar. 

2.  The  tabidar,  lamellar,  and  schistose. 

3.  The  rhomboidal  or  cubiform. 

4.  The  globiform. 

5.  The  angulo-globidar. 

And  that  two,  or  even  more,  of  these  varieties  of  form  may 
be  combined  in  the  same  mass. 

But  before  we  proceed  further  to  consider  the  varying  mo- 
difications assumed  by  erupted  lavas  after  their  emission  on 
the  surface  of  the  earth,  some  attention  must  be  directed  to 
the  various  mineral  characters  and  composition  which  they 
present  on  examination.  This  subject  has  been  partly  anti- 
cipated already,  but  requires  further  examination. 

*  In  fact,  the  gtratification  Bndjointtnff  of  rocks  of  all  kinds,  where  the 
strata  are  separated  by  seams,  are  produced  by  this  concretionary  process, 
accompanjdng  the  final  arrangement  of  the  particles  of  the  mass  influenced 
by  pressure,  and  probably  the  drainage  of  its  fluid  vehicle. 
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•  CHAPTER  VII. 
MINERAIi  CHARACTERS  AND  CONSTITUTION  OF  LAVAS. 

§  1.  Lava-rocks — that  is  to  say^  rocks  which  have  been 
observed  to  flow  as  lavas  from  volcanic  orifices^  or  which 
appear^  from  their  position  (for  example^  as  forming  the  sub- 
stance of  dykes^  or  currents,  or  massive  hummocks,  on  the 
flank  or  at  the  base  of  a  volcanic  mountain),  to  have  been 
manifestly  erupted  in  a  condition  of  igneous  liquefaction — 
although  differing  more  or  less  in  mineral  character,  are  all 
found,  upon  analysis,  to  be  composed  of  silicates  of  alumina  or 
magnesia,  with  some  protoxide  of  iron,  potash  or  soda,  and  lime; 
these  elements  being  generally  crystallized  in  some  of  the 
various  forms  of  felspar,  quartz,  augite  or  hornblende,  mica, 
olivin,  or  titaniferous  iron.  When  the  augitic  or  ferruginous 
minerals  abound,  the  rock  has  a  higher  specific  gravity  than 
when  the  felspathic  elements  predominate,  in  the  extreme  pro- 
portion of  5  to  4''*'.  The  latter  class  of  lava-rock  is  known  to 
mineralogists  by  the  generic  term  of  Trachyte ;  the  former  of 
Basalt  {dolerite,  Brongniart) .  There  are  many  lava-rocks  of  a 
middle  class,  to  which,  from  their  prevalent  light-grey  tints,  in- 
termediate between  the  usual  black  or  dark  slate-colour  of 
basalt  and  the  ashy-grey  or  brown  or  yellowish- white  shades  of 
trachyte,  I  long  since  gave  the  name  of  '  greystonc  '-—corre- 
sponding to  the  tephrineoi  Brongniart  and  the  trachy-doleriie 
of  Abich ;  and  I  still  think  the  name  of '  greystone  ^  more  con- 

*  Bir.  Darwin  defines  the  specific  gravity  of  the  usual  component 
minerals  of  layas,  as  ranging,  in  felspar  from  2-2*74 ;  hornblende  or  augite, 
2-4-8-4;  olivin,  3-3-3-4;  quartz,  2-G-2-8;  and,  lastly,  in  oxides  of  iron 
fipom4-8-6-2.  (* Volcaniclslands.') 
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genial  to  our  language  than  either  of  the  above.  The  term 
'  clinkstone '  {phonolite)  is  given  to  the  schistose  varieties  of 
greystone.  It  has  usually  a  large  proportion  of  the  aluminous 
minerals''*'.  Granular  or  crystallized  quartz  is  not  very  fire- 
quently  met  with  in  lava-rocks,  but  occurs  in  some  trachytes, 
the  crystals  being  hexagonal  prisms  with  a  pyramidal  trunca* 
tion  at  each  end,  conveying  the  impression  that  they  crystal- 
lized  before  any  of  the  other  component  minerals.  Generally, 
however,  the  quartz  is  granular,  and  appears  as  if  externally 
fused ;  or  it  is  mixed  with  the  compact  base  of  the  rock.  Among 
the  trachytes  of  Hungary,  the  Ponza  Isles,  and  the  Andes, 
some  are  highly  siliceous — ^indeed,  occasionally,  might  be  mis- 
taken for  flint,  of  which  they  have  the  conchoidal  fracture  and 
cutting  edges,  with  veins  of  quartz  or  crystals  lining  their 
cavities.  The  felspar  of  trachyte  is  usually  glassy,  but  not  un- 
frequently  opake.    Its  crystals  occur  in  porphyritic  trachytes 

*  Ptofeesor  Jukes,  Sir  C.  Lyell,  and  some  other  geologists  adopt  the 
tenn  'dolerite'  for  the  general  d&BS  of  augitic  lava-rocks.  I  cannot  see 
why  the  old  and  well-known  name  'basalt'  should  be  discarded  for  this 
newer  coinage.  By  some  writers  it  is  confined  to  augitic  rocks  which 
happen  to  contain  oliyin.  But  this  limited  distinction  will  never,  I 
think,  be  generally  received \  and  as  the  term  'basalt'  is  the  oldest,  the 
best-known,  and  the  most  generally  recognized,  it  would  surely  be  de- 
sirable to  continue  to  employ  it  for  the  entire  class  of  lava-rocks  in  which 
augite  or  hornblende  and  the  ferruginous  minerals  generally  preponderate, 
so  as  to  give  a  prevailing  dark  colour  and  high  specific  gravity  to  the 
rock.  If  the  term  '  dolerite '  be  given  up  as  a  synonym  for '  basalt'  among 
English  geologists,  that  of '  trachy-dolerite'  must  follow,  and  'greystone' 
had  better  be  substituted,  for  the  intermediate  class.  I  submit,  more- 
over, that  the  first  word  is  inappropriate,  as  this  class  of  rocks  has  nothing 
of  the  roughness  of  texture  implied  by  the  first  dissyllable.  They  are,  on 
the  contrary,  usually  smoother  than  basalt  itself  and  sometimes  have 
almost  a  soapy  feel,  as  in  some  clinkstones,  which  are  scaly  greystonee. 
It  is  possible  to  go  too  £Eur  in  our  acceptance  of  Continental  nomenclature. 
Some  writers,  for  example,  call  every  current  of  lava  a  '  couUe,^  Where 
we  have  a  fitting  and  expressive  English  word  applicable  to  any  subject, 
it  is  better  to  employ  it  than,  with  a  view  to  scientific  uniformity,  intro- 
duce unnecessary  Gallicisms  or  Grecisms  into  our  vocabulary.  For  this 
reason  I  also  prefer  the  term  ' greenstone'  to  that  of  'diorite.' 
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sometimes  more  than  an  inch  or  two  in  length.  In  some  lavas 
it  IS  entirely  replaced  by  leucite  in  dodecahedral  crjrstals^  also 
occasionally  very  large.  The  augite  is  at  times  represented 
by  hornblende,  and  its  crystals  also  are  sometimes  lai^  and 
perfect.  The  mica  occurs  generally  in  hexagonal  or  rhomboidal 
tables ;  oHvin  in  bright  olive-green  crystals  or  granules ;  tita- 
niferous  iron  in  grains  or  octohedral  crystals. 

§  2.  The  older  lavas — t .  e.  the  volcanic  matter  which  pene- 
trates and  sometimes  overlies  the  Secondary  or  earlier  strata, 
in  such  situations  as  show  it  to  belong  to  the  prse-tertiary 
age— differ  to  a  certain  degree  when  viewed  as  a  whole,  both 
in  aspect  and  in  mineral  character,  from  the  lavas  of  more 
recent  date,  just  described.  They  have  been  usually  called 
Traps,  or  trappean  rocks.  Those  which  represent  the  basaltic 
class  generally  contain  hornblende  rather  than  augite,  and  are 
calTed  Oreenstpne  (diorite).  The  augitic  rocks  of  this  class  have 
likewise  numerous  varieties,  respectively  called  Melaphyre, 
Gkibbro  or  Diallage-rock,  Diabase,  Kersanton,  &c.  Even  ser- 
pentine seems  to  be  justly  included  among  them.  These  last 
varieties  are  usually  found  in  the  vicinity  of  limestone  strata, 
into  which  they  appear  to  pass;  the  elements  of  the  sedimentary 
and  eruptive  rocks  being  mixed  by  joint  mechanical  and  che- 
mical action.  The  felspathic  rocks  of  an  early  age  are  most  fre- 
quently compact,  and  then  called  Felstone,  or  compact  felspar : 
if  the  base  contain  distinct  crystals.  Felspar-porphyry.  Elva- 
nite,  or  quartziferous  porphyry,  has  the  same  base,  or  a  granular 
one  composed  of  the  same  materials,  with  disseminated  crjrstals 
or  crystalline  grains  of  quartz.  The  traps,  both  felstones  and 
greenstones,  are  accompanied  by  their  respective  conglome- 
rates  of  ash  or  tuff,  some  of  which,  when  laminated,  have  been 
called  '  trap-shales.'  The  terms  ^  claystone'  and  ^  wacke  *  are 
usually  applied  to  felstone  and  greenstone,  respectively,  or 
their  tufis,  when  in  a  decomposed  state. 

Viewed  as  a  whole,  it  may  be  said  that  the  earlier  volcanic 
rocks  are  more  dense  and  compact  in  texture,  and  less  fre- 
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qoently  exUbit  cellular  or  scoriform  parts,  than  the  recent 
lavas  and  tufb.  It  can  hardly  be  said  that  they  are  more 
crystalline.  Of  course  they  are  likely  to  have  been  more 
altered  by  infiltrations,  and  other  decomposing  or  metamor- 
phic  influences;  and  in  this  way,  to  a  certain  extent,  we  may 
account  for  such  distinctive  characters  as  they  exhibit,  without 
being  driven  to  suppose  them  produced  under  different  cir- 
cumstances from  the  more  recent  volcanic  rocks.  Some,  how- 
ever, among  them,  such  as  serpentines,  porphyries,  and  syenites, 
occasionally  approach  so  nearly  in  character  and  in  circum- 
stances of  position  to  granite  and  its  associated  crystalline 
rocks,  as  to  daim  a  plutonic  rather  than  a  volcanic  origin.  We 
shall  have  occasion  to  revert  to  this  consideration  hereafter  *. 
§  3.  Besides  their  differences  in  mineral  constitution,  as 
shown  either  by  mechanical  or  chemical  analysis,  lava-rocks 

others  semi-vitreous.  The  most  glassy  and  semi-translucent 
varieties  are  known  by  the  name  of  'obsidian';  the  opake 
and  resinous  or  waxy,  of  '  pitchstone.'    The  former  do  not 

*  To  the  above  brief  description  of  the  mineral  composition  of  vol- 
canic rocks  it  may  be  objected,  that  no  notice  is  taken  of  the  different 
species  of  the  genus  Felspar,  viz.  albite,  potass-albite,  soda-felspar,  ortho- 
dase,  anorUiite,  labradorite,  oligoclase,  andesin,  ryacolite,  adularia,  Peri- 
dine,  &c,  as  distinguiBhed  by  Gustav  Rose  and  his  disciples.  I  have 
perhaps  been  biassed  in  this  determination  by  an  imperfect  appreda- 
tion  of  the  value  of  these  minute  chemical  differences,  in  a  geological 
view  of  the  subject,  and  too  strong  a  sense  of  the  complexity  introduced 
by  them  into  the  classification  of  volcanic  rocks.  But  it  appears  to  me 
that  chemists  are  not  yet  thoroughly  agreed  on  the  spedfic  characters  of 
these  varieties.  On  the  other  hand,  there  is  no  difference  of  opinion  on 
the  generic  characters  of  felspar,  as  shown  in  its  general  aspect,  its  cry- 
stalline forms  and  deavage,  and  its  composition,  as  foimd  on  analysis, 
almost  wholly  of  silica  and  alumina,  with  more  or  less  of  lime  and  potash 
or  soda,  but  without  any,  or  merely  a  trace  of  magnesia  or  of  iron  oxide, 
which,  on  the  other  hand,  compose  so  large  a  proportion  of  the  other 
minerals,  viz.  augite,  hornblende,  mica,  olivin,and  titaniferous  iron,  usually 
associated  with  felspar  in  the  various  volcanic  and  h  jpogene  rocks.  See 
the  analysis  of  minerals  most  abundant  in  such  rocks,  in  Sir  C.  I^yell's 
*  fiianual  of  Geology,'  p.  479,  ed.  1866. 
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occur  among  the  trappean  or  older  lavas.  Both  are  found 
most  firequentlj  in  conjunction  with  trachyte.  Sometimes^ 
however,  as  in  Iceland,  Bourbon,  and  Hawaii,  augitic  lavas 
containing  olivin  have  run  into  a  pure  black  glass. 

The  vitreous  varieties  are  occasionally  porphyritic,  but 
more  firequently,  as  has  been  already  mentioned,  by  the  forma- 
tion of  crystallites  or  small  globular  concretions,  chiefly  of 
felspar,  within  them,  pass  into  '  pearlstone.'  Among  the 
basaltic  lavas  and  traps  there  occurs  a  similar  small  globular 
structure  likewise — most  frequently  disclosed  only  by  decom- 
position; but  in  these  the  very  vitreous  or  'pearly'  lustre  is 
wanting.  The  vitreous  lavas  are  indeed,  in  both  classes,  ex- 
ceptional. The  texture  of  the  great  bulk  of  lava-rocks  is  stony 
and  granular,  often  highly  crystalline ;  the  component  crystals 
of  felspar,  augite  or  hornblende,  mica,  olivin,  and  perhaps 
quartz,  being,  though  interlaced  and  interpenetrating,  occasion- 
ally as  distinct  and  large  as  in  granite.  At  times  the  larger 
crystals  are  disseminated  in  a  compact-looking  felspathic  base 
or  paste,  as  in  the  older  porphyries.  In  some  lava-rocks  the 
crystalline  or  granular  minerals  are  loosely  aggregated,  so  as 
to  form  a  porous,  or  even  an  earthy,  almost  pulverulent,  rock ; 
in  others  closely  compacted  into  a  hard,  dense,  and  solid  one. 
The  texture  is  sometimes  laminar,  slaty  or  scaly,  the  inequi- 
axed  crystals  lying  in  parallel  planes,  as  in  gneiss  or  mica-schist ; 
but  for  the  most  part  they  are  irregularly  aggregated  in  a  con- 
fdsed  granitoidal  mixture,  in  which,  however  compact  it  may 
appear  to  the  eye,  the  microscope  seldom  fails  to  discover  an 
abundance  of  minute  pores  or  cavities.  Sometimes,  though 
rarely,  several  of  these  varieties  of  texture  are  foimd  passing, 
on  a  large  scale,  into  each  other  in  the  same  rock.  Patches  or 
nodules  of  one  kind  are  not  un&equently  included  in  a  mass  of 
a  very  different  one. 

§  4.  It  is  a  question  of  considerable  interest,  what  are  the 
circumstances  which  determine  these  differences  of  texture  in 
lava-rocks  ?    The  current  notion  is— or  rather,  I  should  say. 
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u$ed  to  be — ^that  all  lavas  have  issued  from  the  volcanic  vent 
into  the  open  air,  and  flowed  or  moved  into  their  present 
positions  in  a  condition  of  complete  igneous  fusion,  and  sub- 
sequently acquired  a  more  or  less  crystalline  texture  accord- 
ing as  they  were  cooled  and  consolidated  more  or  less  slowly. 
Certain  experiments  of  Watt  are  quoted  in  support  of  this 
doctrine ;  which,  however,  is  not  confirmed  by  a  juster  appre- 
ciation of  the  experiments  themselves,  or  by  extended  observa- 
tion and  comparison  of  the  texture  of  different  lavas  as  they 
occur  in  nature. 

It  is  true,  that  if  basalt,  such  as  that  of  the  Rowley-rag 
near  Birmingham  (the  rock  operated  on  by  Watt,  and  now 
employed  by  Messrs.  Chance  in  their  manufactory  of  artificial 
stone),  having  been  completely  fused  in  a  furnace,  is  made 
to  cool  very  slowly,  the  process  lasting  some  days,  it  assumes 
by  d^rees  a  more  or  less  stony  texture,  through  the  formation 
of  crystallites  or  globular  concretions,  which,  as  they  mul- 
tiply, interlace  and  compress  each  other,  until  the  whole  sub- 
stance has  obtained  a  scaly  semicrystalline  grain.  But  if  this 
same  matter  in  fusion  is  poured  out  into  the  open  air,  in  the 
same  way  as  molten  iron  is  poured  from  a  crucible  or  fiimace 
into  a  mould,  or  as  lava  issues  from,  a  volcanic  orifice  during 
an  eruption,  it  invariably  hardens  into  a  complete  glass,  not 
differing  in  appearance  fr^m  obsidian.  Now,  a  great  number 
of  lava-streams  are  observable  in  different  volcanic  districts 
composed  throughout  of  a  rock  of  such  absolutely  vitreous 
texture.  I  may  mention  the  currents  of  glassy  pumice  and  of 
obsidian  in  the  Isles  of  Lipari,  Volcano,  and  Pantellaria,  those 
of  Teneriffe,  of  Mount  Ararat,  of  Hecla,  Krabla,  and  several 
other  volcanos  in  Iceland,  and  of  many  among  the  Andes. 
These  glassy  lava-streams  we  may  indeed  believe  to  have  flowed 
in  a  state  of  true  fusion,  as  complete  as  that  of  metal,  or  of 
common  glass,  or  the  basalt  above  mentioned  when  melted 
artificially  in  a  fiimace.  But  in  none  of  these  examples 
haft  it  ever  been  discovered,  nor  has  any  one  suggested  any 
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grounds  for  supposing^  that  the  process  of  cooling  or  consoli- 
dation was^  or  could  have  been,  more  rapid  than  in  the  case 
of  the  numerous  similarly  disposed  currents  of  the  same  or 
neighbouring  volcanos,  exhibiting  the  same  mineral  character 
on  analysis,  but  which  in  texture  are  entirely  stony  and  gnu 
nular,  often  indeed  as  highly  crystalline  as  granite,  and  have 
not  even  the  most  superficial  film  of  true  glassy  matter.  The 
difference  of  texture  in  the  two  kinds  of  rock  must  therefore 
clearly  be  owing  to  some  other  cause  than  more  or  less  rapid 
cooling. 

Indeed,  the  globular  '  bombs'  and  tattered  fragments  of 
lava  which  are  thrown  up  in  a  liquid  state  from  the  seething 
caldron  within  a  volcanic  vent,  and  harden  instantaneously 
before  they  fall,  as  well  as  the  scoriform  crust  which  con- 
geals with  extreme  rapidity  on  the  surface  of  a  lava-current 
when  exposed  to  the  air,  usually  possess  the  same  granular 
or  crystalline  texture,  and  contain  the  same  proportion  of 
ku^  or  minute  crystals,  as  the  innermost  parts  of  the  current, 
which  must  have  been  cooled  and  consolidated  in  the  most 
gradual  and  tranquil  manner.  Were  the  theory  correct,  that 
more  or  less  slow  cooling  occasioned  the  more  or  less  complete 
crystallization  of  lava,  the  inner  and  lower  portions  of  a  deep 
current,  which  has  taken  years  to  cool,  ought  to  be  infinitely 
more  crystalline  than  the  upper  and'rapidly  consolidated  por- 
tion. Indeed,  the  degree  and  regularity  of  crystallization 
ought  to  be  found  to  increase  uniformly  and  progressively  from 
above  downwards.  But  this  is  true  in  no  instance  that  I  am 
aware  of.  The  most  compact  fine-grained  lava-rocks  are  usu- 
ally of  uniform  texture  and  grain  throughout  their  entire  thick- 
ness. So  also  are  those  which  possess  the  coarsest  texture  or 
the  greatest  proportion  of  large  visible  crystals. 

These  considerations  led  me  long  since  (in  1825)  to  the 
conclusion  that,  in  the  greater  number  of  cases,  lava,  when 
issuing  from  a  volcanic  vent,  is  already  granulated,  or  com- 
posed of  more  or  less  imperfect  crystals  enveloped  in  a  base  or 
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paste  of  finer  gram^  but  still  minutely  granular  (not  reduced 
to  molecular  fusion),  and  that  its  liquidity  (f.  e.  the  mobility 
of  the  solid  component  particles)  is  owing  chiefly  to  the  pre- 
sence between  and  among  them  of  an  interstitial  fluid ;  which 
fluid  can  scarcely  be  supposed  other  than  that  same  water,  or, 
rather,  vapour  of  water  (at  times  holding  in  solution,  perhaps^ 
more  or  less  of  silex  or  other  mineral  matter ''^),  which  is  ob« 
served  to  issue  in  abundance  from  the  surface  and  crevices  of 
incandescent  lava  at  the  moment  of  its  exposure  to  the  atmo- 
sphere, and  in  the  very  act  of  consolidation. 

Dolomieu  (a  sagacious  observer  of  volcanic  phenomena  in 
the  last  century)  had  already  put  forward  a  similar  view  upon 
the  nature  of  the  fluidity  of  lavas,  with  this  important  excep- 
tion, that  he  supposed  the  vehicle  that  gives  mobility  to  their 
solid  particles  to  be,  not  water  or  aqueous  vapour,  but  sulphur 
— an  opinion  which  the  quantity  of  sulphur  to  be  detected  in 
ordinary  lavas  is  quite  inadequate  to  supportf.  Since  his 
time,  however,  chemical  analysis  has  discovered  water  to  be 
a  very  abundant  ingredient  in  nearly  all  the  pjrrogenous  cry- 
stalline rocks ;  and  even  granite  is  now  acknowledged  by  all 
geologists  to  have  owed  its  liquidity  or  plasticity  to  this 
element  as  a  vehicle  of  its  component  crystalline  particlesw 
There  ought,  therefore,  to  be  no  diflSculty  in  admitting  the 
same  in  the  case  of  the  felspathic  and  augitic  lavas  of  a  granular 
or  crystalline  texture. 

*  It  is  well  known  now  that  heated  water  or  steam  containing  a  certain 
proportion  of  potash,  readily  takes  into  solution  silex.  In  this  way  both 
the  felspar  and  quartz  of  volcanic  (or  plutonic)  rocks  may  hare  existed  iiir 
a  liquid  or  viscid  condition  at  temperatures  far  below  their  point  of  fusion-. 

t  Dolomieu,  Sur  les  Des  Ponces,  avant-propos,  1788 : — "  Le  feu  des 
Yolcans  ne  denature  pas  ordinairement  les  pierres  qu*il  a  mises  en  ^tat  de 

fusion Le  feu  agit  diff^remment  que  le  feu  de  nos  foumeaux.    H' 

produit  dans  les  laves  une  fluidity  qui  n*a  aucun  rapport  aveo  la  fluidity 
vitreuse  que  nous  op^rons  lorsque  nous  voulons  rendre  aux  laves  elles- 

memes  leur  fluidity II  produit  la  fluidity  par  simple  dilatation,  qui 

permet  aux  particules  de  glisser  les  unes  sur  les  autres,  et  peut-etre  par 
le  concours  d'une  autre  mati^re,  qui  sert  de  tihicuie  a  la  fluidit^.^' 
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It  is  true  that  M.  Delesse  (who  stands  foremost  in  advo- 
cating the  aqueous  plasticity  of  granite  and  the  associated 
crjrstalline  rocks)  declares  volcanic  (lava-)  rocks  to  be  anhy- 
drous^ i.  e.  {comparatively)  destitute  of  water.  But  this  is 
predsdy  what  we  shoidd  expect  in  consequence  of  these  haying 
parted  with  their  water  in  the  eruptive  discharges  or  more 
tranquil  exhalations  of  steam  that  proceeded  from  them  on 
obtaining  a  free  communication  with  the  atmosphere ;  whereas 
granites  and  many  of  the  earlier  trap-rocks  not  having,  accord- 
ing to  all  probability,  reached  the  open  air  in  a  state  of  lique- 
&ction,  but  having  while  in  that  state  been  only  forced  into, 
or  among,  the  overlying  beds,  perhaps  at  great  depths  beneath 
the  sea,  certainly  under  enormous  pressures,  still  retain  their 
interstitial  water. 

Moreover,  the  crystals  of  many  lava-rocks  appear  to  have 
differed  cox;BideraWe  attrition,  funding,  and  integration 
through  mutual  friction.  This  is  particularly  the  case  with 
the  base  of  the  more  fine-grained  lavas.  Nor  can  any  one 
kx>k  at  the  large  glassy  felspar-crystals  of  some  porphyritic 
trachytes,  or  the  large  leucites  of  some  greystones,  which 
show  marks  not  merely  of  disruption,  but  also  of  penetration 
by  the  finer  paste  that  envelopes  them,  and  of  partial  vitri- 
faction,  without  being  convinced  that  they  at  least  were  formed 
long  before  the  lava  in  which  they  occur  became  stationary. 
Mr.  Darwin  describes,  in  Albemarle  Island  (one  of  the 
Galapagos  group),  a  very  fluid  stream  of  lava,  black,  com- 
pact, with  angular  air-cells,  and  thickly  studded  with  large 
fractured  crystals  of  glassy  felspar  (albite),  many  of  them  half 
an  inch  in  diameter,  which  he  says  were  evidently  enveloped 
and  penetrated  by  the  lava,  and  rounded  by  friction  as  the 
current  flowed  on*.  MM.  Monticelli  and  Covelli  describe 
the  lava  of  Vesuvius,  erupted  in  1822,  as  containing  leudte  in 
the  proportion  of  6  to  1.     The  crystalline  granules  of  leudte 

*  See  also  Bischoff,  Chemical  G^logy,  CavendiBh  Soc  PubL  voL  ii. 
pp.  223-280. 
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presented  clear  indicationB  of  having  undergone  partial  fusion 
within  the  volcano  previous  to  the  emission  of  the  lava.  They 
were  melted  at  the  surface^  and  covered  with  a  bluish-white 
glaze.  Mr.  Forbes  says  of  the  trachytes  of  the  South  American 
volcanos,  "  There  is  reason  to  suppose  them  to  have  firequently 
been  ejected  while  in  a  pasty  state,  after  the  quartz  (at  least) 
had  crystallized,  and  the  temperature  of  the  whole  had  be- 
come much  lower  than  the  fusing-point  of  the  rock  itself"^.'' 

Some  lavas  contain  nodules  of  olivin  which  have  the  ap- 
pearance of  boulders,  so  evidently  have  they  suffered  attrition 
during  the  flow  of  the  current  which  contains  them.  It 
was  remarked  by  Yon  Buch  of  the  basaltic  lavas  of  Lance- 
rote  (and  I  have  had  occasion  to  make  the  same  observation 
with  respect  to  those  of  the  Eifel,  and  also  in  the  Vivarais), 
that  while  the  nodules  of  olivin  are  large,  reaching  even  to 
the  size  of  a  man's  head,  near  the  source  of  the  current,  they 
dwindle  away  towards  its  extremity,  so  as  to  be  scarcely 
visible,  the  olivin  being  there  broken  down  and  mixed  with 
the  other  fine  crystalline  granules  of  the  lava.  Had  the 
olivin  crystallized  from  slow  cooling  after  emission  of  the  lava, 
the  reverse  must  have  been  the  case.  So,  again,  the  rock 
which  composes  many  dykes  is  observed  to  have  a  finer  grain 
towards  the  sides  or  selvages  of  the  dyke  than  at  its  centre, 
owing  probably  to  the  greater  amount  of  mutual  friction  to 
which  the  crystalline  or  granular  particles  must  have  been 
exposed,  if  we  suppose  them  to  have  been  formed  previously 
to  the  injection  of  the  dyke,  in  the  former  than  in  the  latter 
parts.  Many  dykes  exhibit  a  laminated  structure  in  planes 
parallel  to  their  sides,  which  is  probably  attributable,  as  in 
the  case  of  the  laminated  lavas  already  spoken  of,  to  internal 
friction  and  consequent  differential  movements  among  their 
component  crystalline  matter  while  it  was  impelled  between 
the  walls  of  the  dyke,  under  severe  lateral  pressure. 

Moreover,  the  scorise  of  all  lavas  contain  as  many  and  equally 
*  Quart  Joum.  Geol.  Soc.  1861;  voL  xvii.  p.  26. 
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large  and  perfect  crystals  as  the  central  parts  of  the  rock. 
The  explosions  of  Stromboli  throw  up  quantities  of  perfect 
hexahednd  crystals  of  augite^  generally  double ;  much  also  of 
the  loose  ejected  sand  of  Etna  and  other  volcanos  is  composed  of 
separate  well-formed  crystals  of  augite^  titaniferous  iron^  mica^ 
kc.,  all  of  which  must  surely  have  crystallized  before  they  were 
thrown  out.  It  is  wholly  incredible  that  any  of  such  crystals 
could  have  been  formed  during  the  few  moments  occupied 
by  the  consolidation  of  these  scorise.  '' Geologists/'  says 
M.  Bischoffj  ''are  now  unanimous  in  the  opinion  that  the 
formation  of  crystalline  minerals,  whatever  was  their  origin, 
took  place  very  slowly  *.''  I  do  not  agree  with  BischofiPs  esti- 
mate of  thousands^  nay^  millions  of  years  being  required  for  the 
formation  of  a  large  crystal  of  felspar  or  leucite ;  but  I  think 
every  one  will  acknowledge  that  the  process  could  not  have 
been  of  momentary  duration  only. 

It  is  not^  of  course^  meant  to  be  denied  that  lavas  have^  be- 
fore their  eruption,  been  melted,  nor  even  that,  when  erupted, 
they  are  not  usually  in  a  condition  of  fusion,  if  by  that  term 
we  only  mean  a  certain  degree  of  freedom  of  motion  given  by 
heat  to  the  particles.  This  fusion,  though  imperfect,  equals 
probably  in  most  cases  that  of  the  impure  earthy  and  partly 
metallic  matter  of  the  slags  and  scorise  that  form  on  the  sur- 
face of  melted  iron  in  a  furnace,  to  which,  in  texture  and 
aspect,  the  scoriae  of  lavas  often  bear  so  great  a  resemblance. 
Nor  does  the  theory  of  the  already  semicrystalline  or  granular 
character  of  lava  before  it  issues  &om  the  volcanic  vent  or 
settles  on  the  outer  surface  of  the  earth,  exclude  the  suppo- 
sition that  many  of  the  crystals  observed  in  the  rock  into 
which  it  afterwards  consolidates,  may  have  been  formed,  or, 
rather,  enlarged  and  perfected,  during  that  process.  This 
would  indeed  seem,  d  priori,  to  be  very  probable,  since  the 
escape  of  the  greater  part  of  the  contained  interstitial  water, 
in  the  shape  of  vapour  (by  exudation  through  the  crevices  and 
♦  Chemical  Geology,  Cavendish  Soc.  Publ.  vol.  ii.  p.  103. 
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pores  of  the  rock),  and  the  consequent  rapid  loss  of  the  heat 
likewise  which  kept  the  crystalline  particles  more  or  less  sepa- 
rated, must  bring  them  together  again,  while  still  possessing 
a  certain  freedom  of  movement,  in  a  manner  most  favourable 
to  the  action  of  the  polarizing  force  (whatever  it  is)  that 
occasions  crystallization.  Some  of  the  finer  particles  may 
thus  have  united,  according  to  their  affinities,  into  more  per- 
feet  crystals  than  the  rest  *•  Indeed,  it  is  certain  that  some 
action  of  a  character  approaching  to  cryst^Jlization,  affecting 
all  the  particles  of  the  mass,  and  causing  them  to  cohere  more 
or  less  tenaciously,  accompanies  the  '  setting'  or  consolidation 
of  even  the  most  exposed  surfaces  of  the  semi-liquid  lava. 

There  is  a  considerable  analogy,  as  has  been  already  sug- 
gested,  between  the  condition  of  many  lavas  at  the  time  of 
their  emission  from  a  volcanic  vent,  and  also  while  under- 
going the  subsequent  process  of  cooling  and  consolidation, 
with  that  of  the  syrup  of  9ugaT  during  the  later  stages  of  the 
manufacture  of  that  substance.  In  both  cases  the  matter  is 
not  a  homogeneous  molecular  liquid,  such  as  any  melted  or 
completely  fused  substance,  but  (according  to  my  view  of  the 
nature  of  lava)  a  'magma*  or  compound  of  crystalline  or 
granular  particles  to  which  a  certain  mobility  is  given  by  an 
interstitial  fluid,  which  is  in  both  cases  heated  water  or  steam ; 
and  in  both  cases  consolidation  is  effected  through  the  evapo- 
ration and  escape  of  this  aqueous  vehicle,  by  which  the  parti- 
cles are  brought  together  in  a  manner  favourable  to  their 
cohesive  aggregation  in  a  rigid  and  more  or  less  crystalline 
mass.  It  is  worthy  of  remark,  that  almost  every  variety  of 
texture  observable  in  different  lava-rocks  has  its  counterpart 
in  some  of  the  various  modifications  in  which  sugar  is  pro- 

*  Biflchoff  observes  that  '^  imperfectly  formed  ciystals  imbedded  in  lava 
may  be  subsequently  rendered  perfect )  for^  according  to  the  experiments 
of  Dr.  Jordan,  the  broken  edges  and  angles  of  crystals  are  replaced  when 
they  are  suspended  in  solutions  of  the  same  substance ;  and  it  is  only 
after  this  replacement  of  deficient  portions  that  the  crystals  begin  to  in- 
crease in  size.''  (Chem.  GeoL,  Cay.  Soc  Publ.  vol.  ii.  p.  06.) 
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§  5.  It  is  in  itself  very  probable  that  lavas  wiU  often  have 
been  partially  cooled,  consolidated,  and  crystallized  while 
forming  the  upper  portion  of  a  molten  mass  within  the 
chimney  of  a  volcano.  This  is  likely  to  occur  during  every 
quiescent  interval,  if  sufficiently  prolonged.  Indeed,  a  very 
short  time  may  be  sufficient  to  allow  such  a  process  to  extend 
to  a  certain  depth.  It  is  also  possible  that  pressure,  no  less 
than  temperature,  influences  the  more  or  less  crystalline  or 
compact  texture  of  a  lava  while  confined  within  the  volcanic 
vent  at  still  lower  depths.  In  this  position,  indeed,  it  is  con- 
ceivable that  variations  of  temperature  or  of  pressure  may 
cause  it  to  be  more  than  once  alternately  expanded  and  con- 
tracted, perhaps  liquefied,  even  wholly  fused,  and  reconsdi- 
dated,  before  it  finally  issues  in  an  eruption  from  the  vent,  and 
during  such  alternations  many  changes  may  take  place  in  the 
characters  of  the  rock — changes  not  of  texture  only,  but  even 
of  the  component  minerals. 

Our  knowledge,  indeed,  as  has  been  already  hinted,  of  the 
laws  which  determine  the  formation  of  different  minerals  from 
their  elementary  ingredients,  is  at  present  too  limited  for  the 
solution  of  these  questions.  Since,  however,  we  have  ample 
proof  that  the  heat  and  fumes  arising  from  a  mass  of  incan- 

when  very  large  crystals  occur  in  a  lava-rock,  they  are  also  to  be  found  in 
the  contemporary  scorisB  and  tuffs.    Bischoff  would  probably  say  (indeed 
he  does  express  the  opinion)  that  the  crystals  in  the  tuff  were  formed  there 
since  its  deposition  by  the  aqueous  process.  But  besides  that  the  element 
of  time,  to  which  he  refers  their  formation^  is  often  wanting  in  such  cases, 
it  iS;  I  think,  impossible  to  conceive  a  slow  aqueous  metamorphic  crystal- 
lization to  have  produced  the  large  crystals  foimd  in  loose  scori»  after 
their  ejection  without  any  change  in  the  crisp  and  semi-vitreous  scorifoim 
matter  attached  to  thenL     Pilla  says  that  numerous  large  crystals  of 
leucite  and  au^te  were  thrown  up  by  the  eruption  of  Vesuvius  of  22nd 
April,  1845.    The  former  were  as  large  as  nuts,  had  a  vitreous  lustre,  and 
were  weU  formed  and  very  perfect.    Small  particles  of  fresh  scoriaceous 
matter  were  attached  to  them,  and  also  penetrated  their  interior.    The 
lava  of  the  same  eruption  was  also  full  of  the  same  large  crystals.   These 
must  all  have  been  formed  within  the  volcanic  vent  previously  to  the 
eruption  which  threw  them  out. 
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descent  lava  can  alter  a  solid  rock,  with  which  it  comes  in 
contact,  from  a  compact  carbonate  of  lime  to  a  highly  crystalline 
dolomite  containing  45*00  of  magnesia"^,  it  will  certainly  not 
appear  incredible  that  very  considerable  changes  of  mineral 
character  may  be  effected  in  a  subterranean  mass  of  lava  itself, 
during  the  repetition  of  the  processes  of  dilatation  and  recon- 
densation  under  variations  of  pressure  and  temperature,  to 
which  we  know  it  must  be  subjected, — that  crystals  of  augite, 
or  olivin,  or  leucite,  may  have  been  produced  from  some  of 
the  comminuted,  fused,  perhaps  vaporized  elements  of  mica, 
felspar,  and  quartz, — even  that  the  same  original  granitic 
matter  may,  under  some  circumstances,  have  been  altered  into 
trachyte,  under  others  into  basalt. 

The  heated  water  or  aqueous  vapour  with  which  the  mass 
was  permeated  probably  played  a  part  in  such  changes,  taking 
the  quartz  into  solution,  to  assume  subsequently,  perhaps, 
pseudomorphic  forms,  or  to  envelope  and  cement  the  other 
minerals  in  a  siliceous  base.  The  experiments  of  M.  Daubr^e 
prove  that,  by  the  concurrent  influence  of  heat  and  pressure, 
crystals  of  augite,  felspar,  quartz,  and  mica  can  be  produced 
from  water  containing  alkaline  silicates  in  solution  mixed  with 
common  clay  t*  The  volatilization  of  the  ferruginous  minerals 
may  have  occasionally  separated  their  elements  from  the  rest, 
and  given  rise  to  the  production  of  a  felspathic  lava  containing 
very  little  iron  in  one  part  of  the  chimney,  and  of  a  highly 
ferruginous  lava  in  another,  or  lined  the  cavities  of  the  upper 
mass  with  specular  or  titaniferous  iron.  Where  the  felspar, 
or  a  part  of  it,  is  reduced  to  an  extreme  degree  of  minute 
division,  amounting  perhaps  to  complete  molecular  fusion, 
during  the  intumescence  of  a  mass  of  lava  within  a  volcanic 
vent,  the  reconsolidation  of  the  rock  may  have  occasioned  the 

♦  In  the  Tyrol  (see  Von  Buch,  Lettre  k  Humboldt) ;  in  Skye  (see  Mac- 
cuIloch*s  Western  Islands,  vol.  i.  p.  325,  &c)  ;  in  the  Isle  of  Zannone  (see 
Memoir  on  the  Ponza  Isles,  GeoL  Trans.) ;  in  many  of  the  dykes  cutting 
the  chalk  of  the  north  of  Ireland,  &c. 

t  See  Daubr^,  Etudes  sur  le  M^tamorphisme,  &c.  Paris,  1869. 
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crystallization  of  its  elements  in  the  proportions  and  forms  of 
new  minerals^  such  as  leucite  or  olivin. 

Under  some  circumstances,  it  is  presumable  that  the  dif- 
ferent specific  gravity  of  the  component  elements  of  lavas 
may  bring  about  similar  metamorphoses.  It  is  quite  con- 
ceivable that,  when  exposed  in  the  focus  of  a  volcano  to  suc- 
cessive liquefaction'  and  reconsolidation,  the  heavier  minerals 
may  sink  by  a  sort  of  filtration  through  the  lighter  ones,  the 
upper  portions  of  the  mass  becoming  consequently  more  fel- 
spathic,  the  lower  more  ferruginous  or  augitic.  Mr.  Darwin 
concurs  with  me  in  the  opinion  that  the  lighter  felspar-crystals 
in  a  mass  of  liquefied  lava  will  tend  to  rise  to  the  upper  parts, 
and  the  crystals  or  granules  of  the  heavier  minerals  to  sink  to 
the  lower  J  the  vificidity  of  the  matter  preventing,  howerer, 
any  complete  separation  of  elements  differing  but  slightly  in 
specific  gravity^.  Or  a  somewhat  similar  effect  (perhaps  the 
very  reverse  as  regards  the  relative  positions  of  the  diSerent 
minerals)  may  be  occasioned  by  the  mechanical  squeezing  out 
of  the  finer  prrticles,  or  the  more  readily  fusible  elementary 
minerals,  from  among  the  coarser  or  the  less  fusible,  under 
extraordinary  and  locally  varying  pressures  f. 

Bischoff  says  J, "  When  a  mixture  of  lead  and  tin  in  any  pro- 
portions is  allowed  to  cool  slowly,  one  or  other  of  the  metals 
solidifies  first,  and  remains  mechanicaUy  mixed  with  the  still 
liquid  portion,  which  is  an  alloy  of  the  two  metals  in  definite 
proportions.^'  If  the  fused  metals,  while  in  this  state,  were 
poured  out  and  suddenly  cooled,  the  result  would  be  a  basis 
of  alloy  containing  crystals  of  one  of  the  metals  disseminated 
through  it,  Uke  those  of  felspar  or  augite,  in  an  apparently 

♦  Volcanic  Islandfl,  pp.  118-124. 

t  Professor  Jukes,  in  the  article  ''Mineralogy  and  Geology"  of  the 
Encyclopaedia  Britannica,  aptly  says,  "  If  we  could  follow  any  stream  of 
lava  to  its  source  in  the  bowels  of  the  earth,  we  should  probably  find  it 
chang^ing,  under  varying  circumstances  of  depth  and  pressure,  from  scorin 
or  pumice  to,  granite." 

t  Vol.  ii.  p.  93,  Chem.  GeoL,  Cavendish  Soc  PubL 
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homogeneous  mixture  of  the  two  elements  in  lava-rocks.  In 
the  latter  case^  we  have  only  to  suppose  the  crystallization  of 
the  different  constituent  minerals  of  a  mass  of  subvolcanic 
lava  to  be  disturbed  by  an  eruption  (than  which  nothing  can 
be  more  likely)^  to  account  for  the  existence  of  numerous  well- 
formed  crystals^  as  well  in  its  ejected  scorise  as  in  the  more 
slowly-cooled  lava-streams.  The  basis  of  both  would  probably 
consist  of  small  imperfect  crystals  or  granules  of  the  different 
constituent  minerals^  lubricated  by  a  solution  of  silex  in  the 
permeating  water-vapour.  Felspar,  it  is  known,  no  less  than 
quartz,  is  soluble  in  heated  water*. 

After  any  changes  of  this  nature,  the  subsequent  intu- 
mescence and  protrusion  of  the  lavas  might  produce  alternate 
currents  of  trachyte,  clinkstone,  or  compact  felspar,  and  ba- 
salt, or  leudtic  greystone.  In  this  way  the  fact  may  be  ac- 
counted for,  that  the  principal  varieties  of  lava  are  often,  nay, 
generally,  found  to  have  been  emitted  successively — some- 
times alternately,  but  without  any  r^ular  order  of  succession 
— ^firom  the  same  volcano — at  least  from  the  same  system  of 
vents.  Thus,  in  France,  in  the  Mont  Dore,  Cantal,  and  Mezen 
(three  extinct  volcanos),  currents  of  basalt,  trachyte,  and  clink- 
stone may  be  seen  to  alternate.  The  annexed  section  of  the 
rocks  worn  through  by  the  waterfall  immediately  above  Mont 
Dore  les  Bains  offers  one  noted  example  (fig.  80). 

In  the  Cantal  similar  alternations  are  visible.  In  the 
Mezen  a  very  felspathic  clinkstone  (scaly  trachyte)  rests  upon 
basalt,  and  supports  in  turn  a  bed  of  the  same  rock ;  and  this 
fiict  may  be  observed  on  many  points.  In  the  Chaine  des 
Puys,  near  Clermont,  eruptions  of  basaltic  lavas  have  almost 
constantly  succeeded  those  of  trachyte,  or  greystone,  from  the 

*  These  views  of  the  changes  which  probably  took  place  in  the  subter- 
nmean  rock  whence  lavas  are  derived,  were  put  forward  by  me  so  early  as 
1825^  in  the  first  edition  of  this  work  (see  pp.  145, 146,  Volcanos).  They 
are  now  supported  by  the  higher  authority  of  Mr.  Darwin  and  PA>£B80or 
Jukes,  as  well  as  by  the  subsequent  experiments  and  reasoning  of  MM. 
Delesse,  Deville,  Dinocher,  and  Daubr6e. 


OF  DIFFBBEHT  UINESAL  CHAIUCTBBS.  127 

same  or  contigaoiu  rents.   In  Somma,  leodtic  greystone  over- 
lies  trachytic  tufT. 

Kg.  30. 


a,  Emrlhj  Ufihjtf  wtlfa  Urn  l<<) 

Uhc  Uul  otDncbealrd. 

b,  TvW,  with  pomin.&c. 


Sactuni  of  rocka  tt  Ibe  Cascade,  Bains  da  Hont  Bon. 

In  the  Euganean  Hills,  in  the  Monti  Cimini,  at  the  Lago 
di  Bracciano,  in  the  Campi  Phlegnei,  in  the  Ponza  Isles  and 
lachia,  amongst  the  Hungarian  groups,  the  Siebengebtrgej  in 
Teneri^,  in  Iceland,  and  at  Guahilagua  and  at  Xalapa  in 
3f  ezico,  trachyte,  greystone,  and  basalt  occur  t(^ether,  and 
^pear  to  have  been  successively  erupted  from  the  same  or 
very  neighbooring  vents.  These,  and  many  other  examples 
which  might  be  quoted,  prove  that  MM.  Humboldt  and  Ben- 
dant,  and  some  other  geologists  who  follow  their  views,  are 
in  error  when  they  speak  of  a  repulsion  or  antagonism  as 
existing  between  the  trachytic  and  basaltic  formations*.  It 
is  natural,  and  to  be  expected,  that  where  basalt  has  been  the 
latest  and  most  copious  production  of  any  Tolcanic  vent,  its 
currents  should  conceal  entirely  or  partly  firom  our  view  those 
of  trachyte  which  preceded  it,  and  vice  ver$d.  Again,  the 
generally  great  difference  in  the  fluidity  of  these  lavas  (to  which 
we  shall  shortly  advert)  will  have  led  them  to  accumulate  in 

•  Hnnboldt,  Eoaai  Q«ognoatiqne,  p.  848 ;  Bendant,  Hongrie,  iii  f.B&7. 
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greatest  abundance^  the  one  at  a  distance  firom^  the  other  in  the 
immediate  vicinity  of^  the  central  vent.  Thus,  in  the  Mont 
Dore,  the  trachytic  currents  have  in  no  instance  flowed  more 
than  from  four  to  five  miles 'from  the  central  heights  of  the 
volcano ;  the  basaltic  currents,  on  the  contrary,  have  reached 
a  distance  of  fifteen  miles  or  more.  It  seems  also  probable, 
as  Mr.  Darwin  suggests,  that  the  high  specific  gravity  of  the 
augitic  lavas  may  have  caused  them  to  break  out  more  fre- 
quently at  the  foot  of  a  volcanic  mountain  than  from  its  sum- 
mit, and  thus  have  given  rise  to  the  frequent  horizontal  sheets 
of  basalt  which  are  found  aroimd  the  base  of  trachytic  volcanos. 
But,  instead  of  their  mutually  repelling  one  another — ^the  pro- 
duction of  trachyte  preventing  that  of  basalt,  and  vice  versd, 
as  some  writers  have  asserted — the  general  law  seems  to  be, 
that  they  occur  together,  being  produced  successively  from  the 
same  or  proximate  vents,  though  without  any  uniform  order 
of  succession,  and  in  general  at  long  intervals  of  time.  The 
complete  isolation  of  basaltic  or  trachytic  formations  stands 
in  the  light  of  an  exception  to  the  general  rule,  and  may  be 
often  accounted  for  by  the  concealment  of  much  of  the  earliest 
products  (perhaps  subaqueous)  of  the  vent. 

A  still  greater  error  was  the  attempt  to  limit  the  pro- 
duction of  volcanic  rocks  of  particular  mineral  composition 
to  separate  periods  of  the  history  of  the  globe.  According 
to  M.  Beudant,  all  trachytes  are  of  parallel  age  to  the 
secondary  strata,  and  universally  prior  to  the  tertiary.  But 
the  trachytes  of  the  Cantal  and  Mezen  rest  on  tertiary  fresh- 
water limestone ;  those  of  the  Montamiata  and  Monti  Cimini 
on  the  tertiary  marls  and  days  of  the  Sub-Apennine  Hills ; 
that  of  the  Euganean  Hills  cuts  through  and  covers  beds  of 
calcaire  grossier.  Moreover  the  eruptions  of  many  recent 
volcanos  have  produced,  and  to  this  day  habitually  produce, 
trachytic  lavas.  Most  of  the  active  volcanos  of  America,  par- 
ticularly Popocatepetl,  Orizaba,  Capac-urcu,  Cotopaxi,  Sotara, 
and  Bucupichinca,  are  trachytic,  and  eject  pumice.     Those  of 
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Sumatra^  Java^  and  the  Moluccas  also  appear  to  produce 
principally  felspathic  lavas.  The  seas  in.  the  vicinity  of  these 
islands  are  said  to  be  sometimes  covered  to  a  considerable 
extent^  after  an  eruption^  with  floating  pumice. 

The  Peak  of  Tenerifie,  which  has  certainly  been  eruptive 
at  no  very  distant  period^  is  trachytic^  whereas  the  older 
dejections  of  the  volcano  are  basaltic.  In  Iceland^  the  older 
lavas^  composing  the  great  bulk  of  the  island^  are  all  basaltic^ 
and  chiefly^  perhaps^  of  subaqueous  origin.  The  lavas  pro- 
duced by  the  recent  and  still  active  volcanos  are  mostly 
felspathic.  Volcano,  one  of  the  Lipari  Isles,  when  in  erup- 
tion in  1786,  threw  up  pumice ;  and  the  recent  lavas  of  Lipari 
itself  are  of  felspathic  obsidian  or  pumice.  The  Lava  del 
Arso,  in  Ischia,  and  that  of  Olibano,  near  Pozzuoli  (both 
streams  of  known  dates),  are,  mineralogically,  trachytes.  The 
lavas  of  the  volcanos  of  Bourbon,  still  in  almost  permanent 
eruption,  are  highly  felspathic.  St.  Helena  is  a  trachytic 
volcano  rising  firom  a  ring  of  basalt,  the  basal  remnant  of  an 
earlier  volcano.  The  trachyte  itself,  however,  is  pierced  by 
dykes  of  augitic  lava ;  so  that  there  has  been  here  (as  else- 
where) an  alternate  production  of  the  two  kinds  of  lava.  Pass- 
ages, indeed,  firom  trachyte  into  basalt  have  been  observed  in 
the  same  dyke  of  volcanic  rock  *. 

In  truth,  so  far  from  the  felspathic  lavas  being  universally 
of  earlier  date  than  those  in  which  the  augitic  and  ferruginous 
minerals  predominate,  it  is  well  known  that  many  of  the  oldest 
traps  are  of  the  latter  kind  (basalt  or  greenstone).  The  opinion 
that  mineral  composition  is  any  test  of  age,  as  respects  the 
pyrogenous  rocks,  is  fast  passing  away  from  among  geologists, 
most  of  whom  now  consider  that  porphyry,  serpentine,  and 
even  granite  may  be  of  recent  origin,  and  in  course  of  forma- 
tion and  upthrust  from  beneath  the  superficial  strata,  at  the 
present  day. 

§  6.  But,  ftirther,  it  seems  highly  probable  that,  imder  the 

♦  See  Daubeny,  Volcanos,  p.  93. 
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influence  of  the  variations  of  temperature  and  pressure  to  which 
lavas  must  be  occasionally  exposed^  within  or  beneath  a  volcano^ 
before  their  eruption^  the  crystals  composing  a  coarse-grained 
granitoidal  rock  may^  without  experiencing  any  change  in 
their  essential  mineral  characters^  or  even  complete  fusion^ 
be  so  far  disintegrated^  or  broken  up  and  comminuted^  as 
to  give  it  the  texture  of  a  fine-grained  paste  when  it  issues 
from  the  eruptive  orifice  and  is  afterwards  consolidated  in  the 
open  air"^.  At  all  events^  it  seems  evident  that^  in  proportion 
as  the  grain  is  finer^  the  greater  will  be  the  freedom  of  motion 
among  its  particles^  and  consequently  the  liquidity  of  the  matter^ 
and  the  facility  afibrded  for  the  aggregation  of  the  parcels  of 
elastic  vapour  that  may  be  generated  in  the  mass  into  bubbles^ 
as  well  as  for  their  upward  rise^  in  vii*tue  of  their  inferior  spe- 
cific gravity  to  that  of  the  enveloping  mass.  On  the  other 
hand^  where  the  crystalline  particles  remain  extremely  coarse^  it 
is  quite  conceivable  that  a  general  intumescence  may  take  place 
by  the  expansion  of  the  interstitial  vapour  between  adjoining 
crystals  or  crystalline  plates^  without  occasioning  so  much 
mobility  as  is  necessary  to  admit  of  its  aggregation  into  visible 
bubbles.  In  the  one  case  there  will  be  a  porous^  intumescent^ 
but  still  highly  crystdline^  mass^  of  very  imperfect  liquidity^  and 
therefore  exerting  a  greater  disturbing  and  elevating  power  on 
the  overlying  rocks^  and  a  greater  wedge-like  force  against  the 
sides  of  any  fissure  into  which  it  may  thrust  itself.  In  the 
other  case^  a  far  more  liquid  matter^  through  which  the  expand- 
ing vapour-bubbles  may  force  their  way  upwards^  increasing  in 
volume  as  they  rise,  and  which  will  more  readily  inject  itself 

♦  I  am  supported  in  this  view  (which  I  put  forward  in  1826)  by  MM. 
Scheerer  and  Delesse,  both  of  whom  assert  that  water  exists  in  mechani- 
cal combination  with  all  crystalline  rocks,  "  its  minute  molecules  inter- 
calated between  the  crystals,  and  when  exposed  to  intense  temperature 
in  a  state  of  extreme  tension,  endeavouring  to  expand,  but  prevented  fi!om 
doing  so  by  the  pressure  to  which  the  enclosing  mass  is  subject ''  (Bulletin 
0^1.  iv.  p.  468) ;  and  by  Bischoff,  who  says  that  a  ciystalline  lava  "  may 
be  disintegrated  by  the  action  of  strongly  heated  vapour,  without  being 
melted.'* 
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into^  or  through^  fissures  of  moderate  width.  So^  too^  when 
they  have  ultimately  struggled  up  to  the  outer  air^  lavas  of 
these  opposite  characters  will  assume  a  different  disposition; 
the  one  flowing  away  rapidly^  almost  like  water^  or  any  other 
true  liquid^  in  obedience  to  the  laws  which  determine  the  motion 
of  fluids;  the  other  accumulating  in  a  bulky^  porous^  or  semi- 
solid mass  above  or  around  the  orifice  of  protrusion.  Between 
these  two  extremes  every  degree  of  liquidity  may  be  pre- 
sumed to  exists  and  consequently  every  variety  in  the  external 
form  assumed  by  the  protruded  lava  may  be  expected  to 
occur ;  and  this  is^  in  fact^  exactly  what  is  observed  among 
volcanic  rocks. 

Some  lavas  (and  the  remark  applies  especially  to  the  fine- 
grained varieties)  have  evidently  flowed  with  such  rapidity 
down  the  sides  of  the  cone  firom  whose  summit  they  issued^  or 
any  other  steep  slopes  to  which  they  obtained  access^  as  to 
have  left  but  a  thin  crust  of  solid  rock,  or  narrow  and  often 
tubular  channels,  through  which  the  extremely  fluid  matter 
has  escaped  downwards,  and,  when  it  has  reached  a  flat  sur- 
face, spread  in  a  thin  sheet  on  all  sides,  to  great  horizontal 
distances;  while  other  lavas,  especially  the  coarse-grained, 
porous,  earthy  and  crystalline  trachytes — and,  at  times,  some 
basaltic  lavas — from  their  very  imperfect  liquidity,  or  extreme 
viscosity,  aided  perhaps  by  a  slow  rate  of  issue,  are  found  to 
have  accumulated  in  massive  beds  or  buttresses  at  the  side  of 
the  vent  whence  they  were  protruded,  or  in  lumpy  dome-shaped 
excrescences  or  hummocks,  close  to,  or  perhaps  even  directly 
above  it. 

§  7.  It  is  also  probable  a  priori  that  the  comparative  specific 
gravity  of  any  lava  will  exercise  a  considerable  influence  in  de- 
termining its  fluidity,  and  consequently  the  figure  it  will  assume 
when  poured  out  upon  the  surface  of  the  earth.  Observation 
confirms  this  assumption.  It  may  be  generally  asserted  that 
the  greater  the  proportion  of  the  ferruginous  minerals  (augite, 
hornblende,  mica,  and  titaniferous  iron)  in  the  constitution 

k2 
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of  a  lava^  the  greater  (cmteris  paribus)  in  proportion  to  its 
bulk  are  found  to  be  the  horizontal  dimensions^  and  the  more 
uniform  the  thickness  of  the  bed  it  forms  upon  a  level  or 
nearly  level  surface.  I  may  instance  the  more  ancient  wide- 
spreading  sheets  or  plateaux  of  basalt^  such  as  that  of  the 
Deccan^  already  referred  to^  or  those  of  the  Cantal  and  of  the 
Haute  Loire,  which  are  now  seen  at  a  considerable  elevation 
above  adjoining  valleys  of  denudation.  But  the  horizontal 
dimensions  of  some  ferruginous  lava-currents  produced  by 
recent  volcanic  eruptions  are  also  quite  astonishing.  The 
stream  which  destroyed  Catania  in  1669  is  fourteen  milea 
long,  and  in  some  parts  six  wide.  Recupero  measured  the 
length  of  another  upon  the  northern  side  of  Etna,  and  found 
it  to  be  forty  miles.  Spallanzani  mentions  Etnean  currents  of 
fifteen,  twenty,  and  thirty  miles  in  length ;  and  two  streams 
which  issued  from  a  volcano  in  Iceland  (Skaptar  Jokul),  in 
1783,  spread  over  a  surface  respectively  of  forty  and  fifty 
miles  in  length  by  from  ten  to  fifteen  in  width.  In  the  island 
of  Hawaii,  a  recent  eruption  in  August  1855  gave  birth  to  a 
stream  of  lava  sixty-five  miles  long,  and  from  one  to  ten  miles 
wide''^.  These  lavas  are  all  either  basalts  or  ferruginous  grey- 
stones,  and  of  a  high  specific  gravity. 

§  8.  On  the  other  hand,  that  a  low  specific  gravity,  especially 
when  combined  with  a  coarse  crystalline  or  granular  and  open 
or  loose  texture,  will  occasion  a  minimum  of  fluidity,  is  shown 
in  the  disposition  general  to  the  large-grained  or  very  porous 
trachytes,  such  as  compose  the  massive  beds  or  hummocks  and 
domes  that  are  closely  grouped  about  the  volcanic  centres  of 
the  Monts  Dore,  Cantal,  and  Mezen  in  France,  of  Hungary, 
and  of  the  Andes.  Perhaps  no  better  examples  could  be 
mentioned  of  the  bulky  form  resulting  from  this  extremely 
imperfect  fluidity  than  the  three  or  four  domitic  Puys  of  the 
Monts  D6me,  viz.  the  Puy  de  D6me  itself,  and  the  neigh- 
bouring bell-shaped  hills  of  Sarcouy  and  Cliersou.  These  hills 
*  Coan,  Quart  Joum.  GeoL  Soc.  1856,  p.  170. 
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BCtually  rise  each  one  out  of  the  crater  or  hollow  of  a  cinder- 
cone  formed  of  blocka  of  different  lavas,  or  pumice  and  ash. 
The  projection  of  these  fragmentary  matters  into  the  air  evi- 
dently accompanied  or  immediately  followed  the'  emission  of 
the  trachytic  lava,  which  seems  to  have  risen  upwards  from 
the  vent  in  so  pasty  or  imperfectly  liquid  a  state  aa  to  have 
accumulated  above  it  in  the  form  of  a  dome  or  bell,  just  as 
would  a  body  of  melted  wax,  or  one  of  moistened  clay,  if 
forced  outwards  through  an  orifice  in  the  cover  of  any  con- 
taining vessel.  The  substance  of  all  these  hiUa  is  a  very 
earthy,  porous,  and  pumiceous  trachyte.  An  outline-sketch 
of  the  Puy  de  Sarcouy,  embraced  by  its  two  adjoining  scoriie- 
cones,  is  given  in  fig,  31. 

Fig.  31. 


Outline  of  tha  Orftod  Puj  de  Sarcou;  (tnchjic)  brtween  the  Puji  of  lAOontto 

and  little  Sumuj  (cinder-coaee)  m  Auiergne. 

It  is  quite  clear  in  this  instance  that  the  central  boss  was 
produced  by  the  same  eruption  which  threw  up  the  cinder- 
cones. 

The  probable  internal  structure  of  auch  a  dome  or  boss  is 
also  shown  in  fig.  33.  Oue  layer  of  the  pasty  mass  may  be  sup- 
posed to  have  overlapped  another  as  it  welled  up  from  the 
vent,  so  as  to  form  either  a  single  lump,  or  a  series  of  rudely 
concentric  beds  dipping  outwardly  on  all  sides.  The  small 
hummocks  or '  mamelons '  of  glassy  felspathic  lava  upon  the 
summit  of  the  volcano  of  Bourbon  (already  noticed,  p.  74,  «uj»-d), 
which  Bory  de  St.  Vincent  watched  in  the  act  of  formation  by 
the  welling-up  of  highly  viscous  matter  at  a  white  heat,  and  its 
consolidation  as  it  guttered  down  the  outside  of  the  hill  it 
had  itself  raised  in  irregular  concenbic  coatings,  may,  I  think. 
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be  looked  upon  aa  types  of  the  mode  of  production  of  the  larger 
trachytic  domee  and  hammocks  likewise  (see  Rge.  82  &  83). 

Such,  I  believe,  was  the  mode  of  emisBion  of  the  boues  of 
trachytic  lava  which   occur  in  the  bottom  of  the  crater  of 
Astroni  near  Naples,  of  that  of  Santa  Croce  lising  in  the 
Kg.  32. 


"  Uamsloii  Csntial ;"  a  bom  of  vitreoui  Ibt*  on  the  suinim 
ofBourboa.    (After  Bory  do  St.  Vinwot.) 


Weti  leetioi]  of  the  Mamelon  CentnJ. 

centre  of  the  crater  of  Rocca  Monfina,  that  of  the  CamaldoU, 
of  Montamiata,  of  Falma,  and  other  examples  which  have  been 
sometimes  adduced  (by  Dr.  Daubeny  and  others)  in  support 
of  the  theory  of  'Elevation  Craters' — their  protrusion  being 
mpposed  to  have  tilted  up  the  sloping  strata  of  the  Borround- 
ing  crater-cones. 

It  is  obvious  that  if  lava  of  this  imperfect  liquidity  be 
jOnitted  on  many  contiguous  points  of  a  lengthened  fissur^  it 
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will^  by  accumulating  on  either  side  or  above  this^  give  rise  to 
a  chain  of  bosses  or  domes^  or  a  lengthened  ridgy  hummock^ 
with  somewhat  of  an  anticlinal  structure^  which  it  may  some- 
times be  difficult  to  distinguish  from  a  bulky  current  that 
flowed  from  a  single  source.  As  examples  of  this  character  I 
may  mention  the  range  of  round-topped  trachytic  hills  which 
stretch  to  the  north  from  the  central  heights  of  the  Mont 
Dore^  and  go  by  the  names  of  the  Puys  de  TAngle^  Haute^ 
chaux,  Barbier,  Baladou^  PAiguiller,  and  Pessade*. 

In  all  probability^  many  of  the  massive  trachytic  forma- 
tions of  the  Andes  (to  some  of  which  M.  de  Humboldt  ascribes 
the  vertical  thickness  of  6000  metres)  were  produced  in  this 
manner  from  wide  and  lengthened  fissures  disgorging^  during 
a  long  period  of  eruption  from  numerous  vents  upon  their 
whole  extent^  an  immense  quantity  of  felspathic  lava^  under 
circumstances  peculiarly  unfavourable  to  its  fluidity. 

M.  de  Humboldt  expressed  the  opinion  (to  which  some 
other  geologists  appear  to  assent)  that  these  trachytic  domes 
are  hollow  blisters^  blown  up  like  a  bladder^  and  have  or 
have  not^  at  the  siunmit^  a  crater^  according  as  the  bladder 
burst  or  not.  There  is,  however,  no  reason  to  believe  that  such 
mountains  are  less  solid  than  any  others ;  and  their  craters, 
so  far  from  having  been  formed  by  the  bursting  of  a  single 
bubble,  were  no  doubt,  like  all  craters,  produced  by  con- 
tinuous explosions,  often  lasting  for  months,  which  have  indeed 
been  frequently  witnessed  from  their  summitsf. 

Such,  too,  was  probably  the  mode  of  production  of  the 
great  range  of  clinkstone  bosses  which  has  its  origin  in  the 
Mont  Mezen  (near  Le  Puy  en  Velay)  and  stretches  into  the 
gorge  of  the  Loire,  thirty  miles  ofi^,  with  an  average  width  of 
six — covering  therefore  a  surfieice  of  about  156  square  miles. 
It  may  be  seen  to  rest  upon  basalt  in  some  places,  and  on 

♦  See  my  '  Volcanoa  of  Central  France,*  2nd  ed.  1858, 
t  See  my  paper  on  Cones  and  Craters,  Quart.  Joum.  Gteol.  Soc,  Nov. 
1869,  p.  26. 
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freshwater  tertiary  marls  and  clays  in  others ;  more  frequently 
still  on  granite.     This^  and  its  gradually  inclined  slope,  from 
the  heights  of  the  Mezen  into  the  ancient  bed  of  the  Loire^ 
where  it  terminates  (the  extremity  leaning  against  the  foot  of 
the  granitic  range  of  La  Chaise-dieu,  on  the  opposite  bank), 
make  it  doubtful,  perhaps,  whether  it  was  not  produced  rather 
as  a  continuous  lava-current  than  from  a  lengthened  fissure. 
The  atmospheric  agents  of  erosion  have,  however,  effected 
great  changes  in  this  hilly  range  since  its  formation,  cutting 
entirely  through  it  in  some  of  the  softer  parts,  and  notching 
it  into  a  number  of  fantastically-shaped  eminences,  generally 
conoidal,  from  500  to  600  feet  in  height.     Local  differences 
of  hardness  and  structure,  by  affording  more  or  less  facilities 
to  the  process  of  degradation,  particularly  to  the  action  of 
frost  and  rain,  and  the  easy  destruction  of  those  parts  of  the 
rock  that  were  based  upon  friable  strata  of  marls  and  clays, 
to  which  the  fissile  structure  of  the  clinkstone  suffered  the 
rain-water  to  percolate  from  above,  were  no  doubt  the  causes 
of  this  extremely  partial  weathering*. 

*  Many  geologists  have  remarked  the  peculiar  tendency  of  phonolitic 
rocks  to  waste  into  detached  masses  of  a  conical  form.  Nowhere  could 
this  remark  be  better  appreciated  than  along  this  clinkstone  range  of  the 
Mezen,  which  is  reduced  to  a  series  of  rocky  eminences  presenting  every 
gradation  of  figure  from  the  rude  segment  of  a  bulky  bed  to  the  perfect 
cone.  (See  the  panoramic  view  of  Le  Puy  in  my  *  Volcanos  of  Central 
France.*) 

The  cause  of  this  uniformity  clearly  lies  in  the  much  greater  facility 
with  which  this  rock  yields  to  meteoric  influence  on  some  points  than  on 
others — ^as  well  from  its  frequent  differences  of  texture  and  consequent 
aptitude  to  decomposition,  as  from  its  accidental  varieties  of  structure ; 
the  colunmar  and  laminar  modifications  at  times  combining  to  hasten  a 
disunion  of  parts  (as  was  remarked  of  the  rock  Tuili^re,  Mont  Dore),  at 
others  to  afford  the  utmost  power  of  resistance,  as  when  a  sheaf  of  columna 
leaning  against  one  another  converge  into  a  oonical  cluster.  The  same 
causes  continue  to  influence  the  aspect  of  the  mass  after  it  has  been  com- 
pletely isolated  and  reduced  to  a  rounded  form  by  the  wasting  of  its 
angular  portions.  Where  the  clinkstone  is  of  a  quality  that  readily  decays 
on  exposure,  it  presents  a  smooth-sided  cone,  clothed  with  a  thick  layer  of 
white  earthy  soil,  which  frequently  supports  luxuriant  forests  of  oak  and 
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It  is,  however,  I  think,  not  improbable  that  the  clinkstone 
lavas  may  have  been  generally  erupted  in  a  condition  of  ez« 
treme  consistency,  approaching  to  solidity,  and  thus  enabled 
to  rear  a  lofty  mass  in  a  pyramidal  or  wall-like  figure  to  con- 
siderable heights  above  the  lip  of  the  vent,  without  lateral 
supports.  Mr.  Darwin  has  expressed  the  opinion  (grounded  on 
this  general  uprightness  of  form)  that  clinkstone  rocks  are 
always  denuded  dykes.  The  position  of  the  great  phonolitic 
chain  of  the  Mezen,  however,  is  irreconcileable  with  such  a 
mode  of  formation,  since  it  ranges  through  its  whole  length  at 
heights  of  800  feet  and  more  above  the  granite  platform  on 
either  side,  which  we  cannot  suppose  to  have  been  worn  away 
to  that  extent  since  the  eruption  of  the  clinkstone. 

It  is  likely  that  masses  erupted  in  such  a  semi-solid  condi- 
tion should  exert  a  more  powerful  disturbing  influence  on  the 
rocks  through  which  they  are  thrust  up  than  the  more  liquid 
lavas.  And  in  accordance  with  this  presumption  trachyte  is 
occasionally  found  to  have  more  or  less  tilted  up  the  adjoining 
strata.  This  efiect  is,  however,  exceptional,  and  confined  to 
the  immediate  neighbourhood  of  the  erupted  rock.  I  may 
instance  the  remarkable  hill  called  the  Puy  Chopine  among 
the  Monts  Ddme.  Messrs.  Hamilton  and  Strickland  make 
this  remark  of  the  trachytes  of  Asia  Minor,  at  the  same  time 
adding  that  the  general  horizontality  of  the  strata  remains 
undisturbed*. 

As  examples  of  trachytic  or  highly  felspathic  lavas  which 
have  flowed  as  currents  over  inclined  surfaces,  but  still  show, 
in  the  great  thickness  of  the  beds  they  now  form  as  compared 
with  their  superficial  area,  how  imperfect  was  their  liquidity, 
I  may  instance  those  of  Mont  Dore  (especially  the  plateaux  de 
VAngle,  de  Rigolet,  and  de  Chambon,  just  above  the  Baths, 
generally  above  100  feet  in  thickness  f) ;  those  which  slope  from 

fir.  Where  tlie  rock  is  lees  destructible,  its  upper  outline  is  cap-shaped, 
notched,  and  craggy,  and  its  base  encumbered  with  barren  and  ruinous 
piles  of  slaty  fragments. 

*  Trans.  GeoL  Soc  2nd  ser.  f  See  fig.  dO,  suprd. 
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their  high  central  source  to  the  town  of  Aurillac  in  the  Cantal^ 
resting  there  on  freshwater  marls ;  that  of  Olibano^  proceeding 
from  the  crater  of  the  Solfatara  near  Naples;  those  which 
compose  the  substratum  of  Procida^  Lipari^  Le  Saline^  Yol- 
CBno,  and  Ustica^  in  the  Lipari  Isles ;  that  of  the  Montagna 
della  Guardia  in  Ponza,  of  Ventotiene^  &c.  The  group  of  the 
Monti  Cimini^  near  V iterbo^  aiSbrds  many  instances  of  the  same 
disposition :  thick  trachytic  currents^  based  on  tufa^  may  be 
observed  to  form  the  slopes  of  this  mountain.  There  can  be 
Uttle  doubt  that  the  volcanic  mountains  of  Iceland  and  Hungary 
present  many  similar  facts ;  for  in  both  cases  massive  hills  or 
beds  of  trachyte  are  represented  as  enveloped  by^  or  alternating 
with,  tuffs  and  conglomerates. 

§  9.  Vesicular  structure. — It  has  been  already  stated  that 
some  lavas  are  much  more  porous  or  cellular  than  others ; 
and  this  not  merely  in  the  upper  parts  of  the  current,  where 
the  greater  nimiber  of  bubbles  of  vapour  may  be  expected  to 
gather''^,  but  throughout  their  mass.  Lavas  in  which  the 
felspathic  minerals  predominate  are,  as  might  be  anticipated 
from  their  inferior  specific  gravity,  much  more  frequently  vesi- 
cular throughout  than  the  heavier  or  ferruginous  lavas.  Such 
are  the  lava  of  Volvic,  near  Clermont,  used  generally  in  that 
neighbourhood  for  building-stone;  that  of  Piperno,  near  Naples, 
there  employed  for  the  same  purposes ;  the  millstone  lava  of 
Nieder-mennig,  near  the  Lake  of  Laach ;  above  all,  the  glassy 
lavas,  or,  rather,  pumice-currents,  of  Volcano  and  Lipari. 

In  all  these  and  similar  cases,  the  vesicular  cavities  appear 

*  One  of  the  most  remarkable  examples  of  cellular  lava  that  I  am 
aoquainted  with  is  the  upper  portion  of  the  bulky  basaltic  rock  that 
surmounts  the  high  plateau  of  Radicofani,  on  the  road  from  Florence  to 
Borne.  The  mass  of  the  rock  is  generally  heavy  and  crystalline,  dense, 
compact,  and  devoid  of  pores,  while  its  upper  scoriform  parts  are  com- 
pletely honeycombed  with  globular  vesicles,  the  intervening  partitions 
being  so  slight  that  an  axe  will  make  as  clean  a  cut  through  the  mass  as 
through  a  true  honeycomb.  Captain  Smyth  describes  some  of  the  basaltic 
lavas  of  Victoria  (Australia)  as  '^  so  cellular  that  it  is  easy  to  lift  masses 
several  feet  square ''  (Quart  Joum.  Geol.  Soc.  1857,  p.  228). 
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more  or  less  flattened  out  and  elongated^  and  present  their 
longest  axes  uniformly  in  the  direction  of  the  flow  of  the  cur- 
rent ;  and  this  observation  becomes  serviceable  as  a  guide  to 
its  source  or  point  of  eruption. 

Those  parts  of  the  stream  in  which  some  accidental  con- 
dition  of  movement  or  pressure  has  caused  the  bubbles  of 
vapour  to  be  developed  in  special  abundance^  are  also  drawn 
out  and  flattened^  in  the  same  direction  of  the  movement,  into 
lenticular  masses^  or  ultimately  into  zones^  alternating  with 
the  intermediate  more  compact  parts.  This  flattening  was 
probably  favoured  by  the  hydrostatic  pressure  and  slow  sub- 
sidence of  the  mass  as  it  gradually  cooled  and  consolidated. 
The  main  cause,  however,  of  the  elongation  is  clearly  the 
difierential  motion  of  the  vesicular  and  the  non-vesicular  por- 
tions :  the  bubbles  occasioning  a  certain  amount  of  resistance 
to  the  motion  of  the  enveloping  liquid,  those  parts  in  which 
they  existed  moved  less  easily  than  those  in  which  they  were 
absent.  The  same  law  evidently  has  often  determined  the  ar- 
rangement of  solid  crystals,  or  concretionary  nodules  of  s^pre- 
gated  mineral  matter,  or  other  heterogeneous  substances  which 
the  flowing  lava  may  have  contained,  their  longer  axes  being 
found  in  the  direction  of  the  internal  movements  of  the  mass. 

Von  Buch  describes  a  stream  of  lava  in  Tenerifle  containing 
innumerable  thin  plate-like  crystals  of  felspar,  arranged  in 
trains,  like  white  threads,  one  behind  the  other,  in  the  direc- 
tion of  the  flow  of  the  current.  Mr.  Darwin  observed  nume- 
rous similar  facts  in  the  lavas  of  Ascension,  as  I  had  previously 
done  in  those  of  Ponza,  Ischia,  &c. 

I  believe,  indeed,  I  was  the  first  observer  who  pointed  out 
this  peculiar  laminated  or  ribboned  structure  of  many  lavas, 
and  suggested  an  explanation  of  its  origin  in  a  paper  read 
before  the  Geological  Society  in  1823  *.  To  this  I  was  led  by 
observing,  in  the  Ponza  Isles,  repeated  passages  firom  pure  glassy 
obsidian  to  pearlstone,  by  the  formation  of  felspathic  sphero- 

*  See  Trans.  GeoL  Soc.  Lond.  1824. 
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litat  in  the  yitreotui  matter,  resembling  those  which  form  in  the 
ilag  of  a  glass-furnace,  or  in  the  melted  basalt  in  Messrs. 
Chance's  artificial-stone  manufactory  near  Birmingham.  These 
felspathic  concretions  had  been  evidently,  by  the  unequal 
movement  of  the  enveloping  veins  of  more  Uquid  matter  under 
considerable  pressure,  broken  up  and  drawn  out  into  planes 
or  laminae,  sometimes  folded  and  contorted  in  a  striking' 
manner.  Examples  of  this  character  abound  not  only  in  the 
Ponza  Isles,  but  also  in  Ischia,  in  the  Isle  of  Ascension,  and 
among  the  perlites  of  Hungary  and  the  Andes.  Commodore 
Forbes,  indeed,  speaks  of  this  arrangement  of  the  component . 
crystals  in  parallel  planes  as  characterizing  a  very  large  pro* 
portion  of  the  trachytic  lavas  of  South  America. 

I  have  already  mentioned,  and  shall  again  have  occasion  to 
refer  hereafter  to  this  laminar  or  foliated  structure,  which  I 
believe  to  throw  a  light  on  the  probable  origin  of  the  similar 
structure  in  the  so-called  metamorphic  hypogene  rocks,  gneiss, 
mica-schist,  and  serpentine. 

§  10.  Brecdated  lavas, — Occasionally  lavas  assume  a  brec- 
ciated  structure,  the  base  of  lava  enveloping  fragments  either 
of  the  rocks  through  which  it  forced  its  exit,  or  of  portions  of 
its  own  already  consolidated  substance,  broken  up  and  carried 
away  by  some  renewal  of  movement  caused  by  a  fresh  out- 
bturst,  or  some  change  in  the  direction  of  its  comrse.  The 
enveloped  fragments  are  sometimes  partially  fused,  and  appear 
to  graduate  imperceptibly  into  the  base ;  sometimes,  but  not 
always,  they  are  metamorphosed  by  the  heat  and  other  chemical 
agencies  of  the  enveloping  lava.  Quartz  so  enveloped  is  melted 
partially ;  felspar  crushed,  and  rendered  more  or  less  glassy ; 
mica  is  bronzed;  limestone  dolomitized;  sandstone  partially 
fused. 

§  11.  Metamorphic  influence  of  lava. — Many  new  minerals 
are  also  found  to  have  been  formed  in  the  cracks  or  cavities  of 
such  enveloped  masses.  The  most  remarkable  instance  of  this 
is  seen  in  the  extraordinary  number  of  rare  and  highly  cry- 
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stalline  minerals  that  occnr  in  the  blocks  of  altered  Apennine 
limestone  and  other  rocks  found  among  the  fragmentary  ejec-^ 
tions  of  old  Yesuvins  (Somma) .  The  volcanic  tuflb  of  Latium 
are  almost  equally  fertile  in  this  class  of  exceptional  products. 
So  also  are  those  of  Auvergne  *. 

Analogous  to  these  changes  are  those  observable  in  some 
rocks  when  traversed  by  dykes  of  lava^  as  in  the  well-known 
example  of  the  dolomitization  of  chalk  by  contact  with  basalt 
at  the  Gianf  8  Causeway^  and  the  carbonization  of  coal  under 
similar  circumstances.  In  many  such  cases  new  crystalline 
combinations  have  developed  themselves.  The  earlier  intruded 
lava-rocks  (traps)  appear  to  have  exercised  this  metamorphic 
influence  upon  the  strata  penetrated  by  them  more  frequently 
than  the  very  recent.  Yet  perhaps  it  is  only  that  denudation 
has  more  frequently  disclosed  the  deep-seated  planes  of  jimc- 
tion  where  alone  the  effect  was  produced  f*  I  do  not  dwell  upon 
this  point,  nor  recapitulate  the  varieties  of  mineralization  or 
metamorphism  so  occasioned,  because  in  the  works  of  Sir  C. 
Lyell,  Dr.  Daubeny,  and  MM.  Delesse  and  Daubr^e,  this  inter- 
esting subject  is  amply  and  more  authoritatively  treated. 

These  phenomena  of  metamorphism  by  contact  with  vol- 
canic matter  are  however,  it  must  be  remembered,  exceptional. 
The  sides  of  the  greater  number  of  dykes  present  no  appear- 
ances of  the  kind.     Probably  such  changes  are  effected  only 

*  Among  these  may  be  mentioned  haiiyne,  ice-spar,  sodalite,  spinel- 
lane,  melilite,  sonmiite,  nepheline,  idocrase,  zircon^,  wollastonite,  brieslak- 
ite,  garnet,  hmnite,  sphene,  &c.  (See  a  complete  list  in  Daubeny's  '  Vol- 
canos,*  p.  236,  ed.  1848.) 

t  Mr.  Austin  (on  the  Geology  of  the  South-east  of  Devon,  Trans.  Geol. 
Soc.  vol.  vi.  2nd  ser.  p.  470  et  seq.)  describes  some  good  examples  of  the 
influence  of  intruded  traps  on  secondary  limestones  and  slaty  shales. 
Magnesia  more  or  less  characterizes  the  altered  limestones  (proceeding,  no 
doubt,  from  the  hornblende  of  the  trap).  The  shales  are  often  fused  into 
jasper  and  quartz-retinite.  The  solid  limestone  is  crystallized  to  some 
distance  from  the  dyke.  The  sandstone  hardened,  the  lines  of  stratification 
obliterated,  and  innumerable  vertical  fissures  form^  in  it,  coated  with 
manganese.    Such  examples  are  frequent  near  Dartmoor. 
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when  the  injected  matter  is  at  a  very  high  temperature,  or  of 
great  bulk,  and  consequently  very  slow  in  cooling ;  or  when  it 
has  been  long  traversed  by  heated  water  or  steam  containing 
mineral  matter  in  solution.  Similar  alterations,  it  is  well 
known,  are  often  observable  where  plutonic  rocks  come  into 
contact  with,  or  into  the  vicinity  of,  limestones,  sandstones, 
shales,  or  other  sedimentary  strata,  especially  in  the  instance 
of  metallic  veins,  which  are  of  frequent  occurrence  in  such 
situations. 

There  is  a  considerable  analogy,  as  might  be  expected, 
and  not  unfirequently  an  identity,  between  the  crystalline 
minerals  produced  by  this  metamorphic  action  and  those  to 
be  spoken  of  presently,  which  occur  as  zeolites,  unquestion- 
ably formed  in  the  vesicular  cavities  of  lava-rocks  by  infiltra- 
tion of  water  or  vapour  containing  mineral  matter  in  solu- 
tion. The  vapour,  indeed,  which  escapes  by  percolation  firom 
a  cooling  lava-mass,  through  the  pores  and  crevices  of  the 
outer  and  already  consolidated  part,  is  always  found  to  be 
accompanied  by  a  variety  of  mineral  substances,  in  a  state 
either  of  solution  or  sublimation,  or,  finally,  as  permanent 
gases.  These  substances,  it  has  been  already  observed,  are 
scarcely  discoverable  in  the  vapours  that  rise  in  immense 
volumes  from  lava  immediately  upon  its  protrusion,  and  which 
appear  to  be  either  purely  aqueous,  or  to  contain  but  a  very 
small  proportion  of  mineral  matter.  But  as  the  quantity  of 
steam  evolved  diminishes,  and  is  at  length  reduced  to  thin 
columns,  or  fumaroles,  exhaled  from  the  narrow  and  intricate 
crevices  of  the  superficial  lava,  the  proportion  of  other  gases 
or  substances  that  accompany  it  is  found  to  increase.  Upon 
coming  into  contact  with  the  external  air,  a  certain  proportion 
of  the  steam  is  condensed  by  refrigeration,  and  deposits  the 
matters  it  holds  in  solution  on  the  sides  and  edges  of  the 
fissure. 

The  principal  of  these  are  sulphuric,  muriatic,  and  carbonic 
acids,  either  in  a  state  of  purity,  or  combined  with  various 
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alkaline^  earthy^  or  metallic  bases.  Among  these  combinations^ 
sulphates  of  lime^  magnesia^  ammonia,  soda,  and  potass,  muri- 
ates of  soda  and  ammonia,  and  carbonate  of  soda,  predominate. 
It  appears  probable  that  the  first  of  these  adds  is  occasionally, 
if  not  always,  formed  on  the  spot,  by  the  union  of  a  part  of  the 
sulphur,  derived  from  sulphuretted  hydrogen  in  the  aqueous 
vapour,  with  the  oxygen  of  the  atmosphere.  The  remaining 
sulphur,  when  it  is  produced  abundantly,  is  deposited  in  a 
state  of  purity  in  angular  or  octahedral  crystals,  or,  when  most 
copious,  in  stalactitic  concretions  or  crusts,  at  the  edges  of  the 
orifices,  and  upon  those  neighbouring  points  where  the  vapour 
in  which  it  is  suspended  undergoes  condensation.  Some  spent 
volcanos,  which  have  probably  long  existed  in  the  condition  of 
(so-called)  solfataras,  aboimd  in  massive  deposits  of  piire  sul- 
phur, e,  g,  some  of  the  craters  of  Lipari,  of  Iceland,  of  Java,  of 
Quito,  &c.  The  compounds  of  boracic  acid  are  rare.  A  large 
amount,  however,  is  continually  formed  at  the  bottom  of  the 
crater  of  Volcano,  one  of  the  Lipari  Isles.  Much  also  seems 
to  be  evolved  by  some  of  the  solfataras  of  Iceland*. 

The  metallic  sublimations  are  condensed  in  the  same  man- 
ner on  the  sides  of  the  fissures  of  escape.  The  most  firequent 
of  these  is  specular  iron.  The  muriates  of  copper  and  iron, 
and  sulphurets  of  iron,  copper,  arsenic,  and  selenium,  are 
occasionally  found  in  similar  situations. 

It  is  not  easy  to  distinguish  those  of  these  different  sub- 
stances which  were  originally  contained  in  the  lava,  and  are 
merely  volatilized  by  heat,  from  those  which  are  the  product 
of  chemical  combinations  operated  during  the  consolidation  of 
the  lava  between  its  various  elements  and  those  of  the  water 
or  vapour  it  contains,  which  may  be  partially  decomposed 
while  percolating  the  mass  at  a  considerable,  though  de- 
creasing, temperature.  Soda,  potass,  lime,  and  iron  are  con- 
stant ingredients  in  almost  every  variety  of  lava.     Chemical 

*  See  Mr.  Warington's  paper  in  the  Quart  Joum.  Geol.  Soc.  1860;  and 
Forbes's  '  Iceland,'  1860. 
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Tbe  ittteoat  heat  of  the  laTa  in  the  interior  of  the 
feihMfm,  aofficieDt  of  itaelf  to  effect  the  decomposition  of 
of  ilahiipvdieDta.  The  ^ecolar  iron,  so  fireqnentiT  met  vith 
in  htw^rodLM,  u  endentlj  sublimed  br  this  action,  and  it  is 
nmarkable  that  it  is  always  finmd  in  the  iq>per  parts  of  the 
hed  or  enmat;  while  the  lower  parts  of  the  rock  in  these 
emm  do  not  influence  the  magnet,  haying  obTioosly  lost  aO, 
or  the  greater  part  of  their  iron  by  sablimation.  Or,  as  in 
mmty  of  the  currents  of  Etna,  the  upper  parts,  which  are  at 
the  same  time  rery  porous  and  cellular,  contain  much  qpecolar 
0r  (Aifpgtic  iron;  while,  on  the  contrary,  the  lower  and  com- 
fMeter  dirision  abounds  in  magnetic  iron,  in  grains  or  octa- 
hedral crystals*  Here,  the  magnetic  iron  originally  contained 
in  the  central  and  upper  parts  of  the  current  has  been  evi- 
dently Tolatilized,  and  deposited  again  in  the  form  of  specular 
iron,  while  that  of  the  lower  part,  from  which  little  or  no 
▼apour  was  enabled  to  escape  by  percolation,  remains  un- 
changed. 

In  the  same  manner  the  other  mineral  ingredients  of  a  lava 
are  occasionally  volatilized,  and  again  deposited,  not  unfre- 
quently  under  new  combinations  and  forms,  in  the  cavities  of 
the  lava,  as  its  temperature  is  gradually  lowered.  This  was 
in  all  probability  the  origin  of  those  delicate  and  often  capil- 
lary crystals  of  hornblende,  augite,  melilite,  and  other  minerals, 
which  occur  in  the  cellular  cavities  of  many  lava-rocks  (Capo 
di  Bove,  &c.).  Crystals  of  augite  are  also  said  by  Briealak  to 
Havd  been  formed  by  sublimation  in  the  interior  of  some  of  the 
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houses  of  Torre  del  Greco,  destroyed  by  a  current  of  lava  in 
1794 ;  and,  indeed,  M.Daubree  has  lately  succeeded  in  forming 
them  artificially  under  somewhat  similar  conditions*. 

§  12.  Amygdaloidal  lava. — ^The  substances  taken  into  solu- 
tion by  the  aqueous  vapour  are  often  unquestionably  deposited 
in  a  similar  manner,  either  in  crystals,  or  stalactitic  and  mam- 
miUated  concretions,  which  line  the  interior  of  the  vesicles,  or 
the  interstices  of  the  mass.  The  minerals  found  in  this  situation 
are  principally  either  siliceous  or  calcareous,  consisting  of  car- 
bonate of  lime,  calcedony,  fiorite,  and  some  of  the  numerous 
varieties  of  the  zeolite  family.  They  all  bear  the  character  of 
having  been  deposited  from  'aqueous  solution.  We  know,  in- 
deed, that  water  at  a  high  temperature,  and  particularly  with 
the  assistance  of  an  alkali,  readily  takes  both  silex  and  car- 
bonate of  lime  into  solution.  It  is  obvious,  therefore,  how 
intensely-heated  aqueous  vapour,  in  its  passage  through  the 
lava,  whether  by  percolation  or  in  the  form  of  bubbles,  may 
become  impregnated  with  either  or  both  of  these  ingredients ; 
and  how,  when  prevented  from  any  further  escape,  as  it  is  gra- 
dually  cooled  and  condensed,  these  substances  may  crystallize 
on  the  sides  of  the  containing  cavity. 

Sometimes  the  water  remains  in  the  centre  of  this  geode, 
accompanied  by  a  portion  of  some  permanent  gaseous  fluid,  as 
in  the  calcedonies  of  the  Monti  Berici,  and  in  the  cavities  of 
numerous  quartz-crystals  in  granitic  rocks.  In  general  the 
water  has  escaped,  probably  by  filtration,  towards  the  lower 
parts  of  the  mass,  after  these  had  been  entirely  consolidated. 
During  this  filtration  it  perhaps  continued  to  deposit  the  sub- 
stances it  stiU  retained  in  solution,  in  the  cavities,  pores,  and 
minute  fissures  through  which  it  slowly  percolated ;  and  hence 
it  is  that  many  of  the  cellular  cavities  of  these  rocks  have  been 
entirely  filled  with  successive  coatings  of  the  calcareous  or  sili- 
ceous deposit ;  which  could  not  have  been  all  held  in  solution 
by  the  minute  quantity  of  steam,  to  whose  expansive  force  the 
♦  See  his  *  j^tudes  et  Experiences,'  Paris,  1869. 
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original  formation  of  the  vcsidc  was  owing.  The  microaoopical 
examinations  of  Mr.  Sorby  have,  howerer,  diaeoYered  the  ex- 
istence of  water  in  minute  cavities  even  of  such  zeolites. 

In  many  cases  the  subsequent  filtration  of  water,  carrying 
in  solution  mineral  particles  from  overhfing  rocks,  may  have 
produced  the  same  effect.  This  is  particularly  true  of  the 
amygdaloidal  basalts  which  are  found  underiying  calcareous 
strata,  or  in  such  positions  as  make  it  probable  that  they  were 
once  covered  by  them,  and  which  therefore  were  consolidated 
beneath  water  holding  calcareous  particles  in  suspension. 

§  13.  8o(fataras. — The  sulphuric  and  muriatic  acids  which 
are  evolved  in  a  state  of  freedom,  when  deposited  by  con- 
densation on  the  lava  which  forms  the  edges  of  the  crevices  of 
escape,  act  upon  its  substance  and  give  rise  to  fresh  changes. 
The  sulphuric  acid  uniting  with  the  alumine  of  these  rocks 
produces  a  sulphate  of  alumine,  which  is  often  carried  away  by 
the  rains  and  deposited  in  vast  accumulations  in  lower  situa- 
tions. The  mining  operations  of  the  different  alum-works  of 
Hungary,  Italy,  &c.  are  carried  on  in  deposits  of  this  nature*. 

The  sulphuric  acid  uniting  with  the  lime  produces  a  gyp- 
seous efflorescence,  which  is  often  found  coating  these  decom- 
posed lava-rocks  in  considerable  quantities.  The  iron  of  the 
lava  is  either  attacked  by  the  acid,  and  aggregated  into  cry- 
stalline or  concretionary  pyrites  disseminated  through  the 
disintegrated  rock — or,  assuming  various  d^rees  of  oxidation, 
stains  it  with  stripes  of  different  shades  of  brown,  yellow,  red, 
green,  and  blue.  The  silex  alone  remains  imtouched;  and  when 
all,  or  a  large  proportion  of  the  other  ingredients  have  been 
washed  away,  the  lava  appears  occasionally  changed  into  a 
light,  harsh,  carious,  and  highly  siliceous  rock,  or  into  a  white 
powdery  or  earthy  matter  like  chalk-dust,  but  consisting  of 

*  There  is  a  crater-l&ke  in  Java,  called  Taschem,  of  which  the  water  is 
•o  strongly  impregnated  with  sulphuric  acid  that  nothing  can  live  in  it, 
nor  in  the  river  which  discharges  its  overflow  into  the  sea.  The  latter 
has  a  parallel  in  the  *  Vinegar  River,'  described  by  Humboldt  as  proceed- 
ing from  the  volcano  of  Puracd. 
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nearly  pure  silex^  and  bearing  no  resemblance  whatever  to  its 
original  character. 

Where  exhalations  of  vapour  strongly  impregnated  with 
this  acid  have  continued  for  a  great  length  of  time^  the  changes 
thus  effected  in  the  neighbouring  rocks  are^  firom  the  con- 
tinued shifting  of  the  fumaroles,  extensive  and  remarkable, 
and  have  acquired  for  such  spots  the  common  appellation  of 
Solfataras  or  Soufrieres.  These  are  usually  found  in  the  inte- 
rior of  a  volcanic  crater,  as  might  be  expected ;  since  the  evo- 
lution of  vapours  from  a  current  of  lava  that  has  flowed  away 
from  the  volcanic  vent  upon  the  surface  of  the  earth  must  be 
extremely  limited  in  quantity  and  duration;  whereas  after 
most  eruptions  a  vast  body  of  heated  lava  is  likely  to  remain 
beneath  the  bottom  of  the  crater,  in  which  the  process  of 
solidification  goes  on  slowly  for  an  indefinite,  and  often  very 
long  period,  affording  a  continual  source  of  aqueous  vapour 
charged  more  or  less  with  various  mineral  substances. 

§  14.  Hot'Springs, — When  the  superficial  parts  of  such  a 
mass  of  subterranean  lava  have  cooled  down  to  the  tempera- 
ture  of  the  atmosphere,  and  its  vapours  are  enabled  to  escape 
through  fissures  in  these,  or  in  solid  overlying  rocks  of  any 
heterogeneous  nature,  they  must  be  more  or  less  condensed  by 
refrigeration  before  they  issue  into  the  air,  and  make  their 
appearance  in  the  shape  of  springs  of  water  at  elevated  tem- 
peratures, occasionally  even  many  degrees  above  the  boiling- 
point. 

Such  hot-springs  are  common  in  all  volcanic  districts,  and, 
where  any  more  energetic  external  development  of  volcanic 
action  has  been  long  wanting,  are.  the  only  indications  of  the 
still  elevated  temperature  of  the  focus  below.  There  can  be 
no  doubt  that  the  quantity  of  caloric  which  is  enabled  to  pass 
off  through  permanent  fissures,  in  this  way,  materially  contri- 
butes to  maintain  the  outward  tranquillity  of  the  subterra- 
nean focus.  It  is  even  conceivable  that  this  regular  and  placid 
transmission  of  caloric  may  be,  for  very  lengthened  periods, 

l2 
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isiu^ly  proportioned  to  the  sapply  constantly  oommnnicated 
fnmi  l>el/>w  to  the  volcanic  lava-reservoir,  and  by  thus  pre- 
«M$rvifig  it  at  a  uniform  temperature,  may  entirely  prevent 
ilmi  itfM.Mitiiulation  of  heat  by  which  fresh  eruptions  would  be 
^^mUu'AsA,  The  quiescence,  or  what  is  usually  called  the  ex- 
U$u^iim,  of  theiM!  volcanic  foci  will  in  these  cases  be  owing  to 
iHm  tUmnrm  through  which  the  excess  of  caloric  is  enabled  to 
mat^H'.  ill  <i<;inbinutioii  with  water.  Thus,  the  permanent  hot- 
•j^iigii  of  Hath,  Huxton^  Carlsbad,  Aix,  and  other  localities 
umjf  iHnmihly  tu*X  lui  Hafcty-valves,  letting  off  the  excess  of  heat 
fitom  mmia  mibtorranc^an  focus,  which  might  otherwise,  sooner 
or  Uirr,  liiid  viitit  in  earthquakes  or  volcanic  eruptions. 

TiiAi  ¥/iiUir  of  ilionnal  springs  holds  in  solution  various 
NiUmrul  NMlwtiituu*H  which,  in  the  form  of  vapour,  it  carried 
iiimMnU  from  tlm  hcMitcd  lava  below,  or  which  it  may  have 
H^Mnuiiul  from  thn  rcMtks  with  which  it  has  come  in  contact. 
Hoiii^  tff  ihtMMi  aro  d(*|Mwit(Hl  immediately  on  its  coming  into 
ih^  uir,  H'hilti  otlu^m  ninutiii  permanently  combined  with  it. 
Till;  MlliiMsouN  Niiitiir  dt^ponited  by  the  hot-springs  of  Iceland 
in  wall  known,  um  aim)  the  calcareous  incrusting  springs  of 
iMiiiM-roiM  vohsauic)  dintrictH  (Auvcrgne,  La  Tolfa,  that  of  the 
Uridgis  of  tht)  lumu  in  thn  Andes,  &c.). 

HynH  whiiu  tho  lattor  nources  no  longer  retain  any  elevation 
of  tiimperatiira,  and  urt^  lU^rived  from  rocks  which  do  not  pre- 
sent any  iniiinationa  of  reocnt^olcanic  action,  they  may  still 
\m  MU|)|Kmtul  in  many  imses  to  have  the  same  origin  as  the 
hot-Hpringa,  hut  to  have  part(Hl  with  more  of  their  heat  by  a 
longer  paniMige  through  cold  rocks,  and  perhaps  by  their  mix- 
ture with  other  MU|H)rflcial  a|mng8  of  atmospheric  origin. 

Where  the  traeca  of  volcanic  action  are  recent,  and  the 
intensely  heated  lava  very  close  to  the  surface  whence  the 
springs  issue,  the  ouritms  phenomena  of  intermittent  fountains 
are  sometimes  prtKlueed,  such  as  afford  so  magnificent  a  spec- 
tacle in  the  Geysers  of  Iceland. 
The  greater  part  of  the  hot  water  of  these  springs  is  probably 
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derived  from  the  filtration  of  atmospheric  water  through  the 
crevices  or  iDteretices  of  a  mass  of  lava  not  yet  cooled  *.  Indeed, 

*  The  tbeorj  of  these  Hprings  baa  been  the  subject  of  much  difference  of 
opinion.  The  following  conaiderations  will  perbapa  sufficient!;  account 
for  tbeir  pbeuomena.  The  laTaa  of  Iceland  are  Teptet«  witi  hollow 
blisten  or  cavema.  Let  hb  suppose  such  a  cavit;  in  a  vast  bed  of  heated 
lava  (fig.  34),  which  may  be  either  isolated,  and  cooling  slowly,  oi  con- 
Fig.  34: 


nected  with  the  volcanic  focus  below,  and  receiving  a  constant  aupplf  ot 
caloric  from  thence.  The  ateam  emanating  from  numerous  fissures  collects 
there,  and  is  part)  j.  condensed  into  water  by  the  pressure  of  the  column  in 
the  fissure  of  dischai^.  The  increasing  temperature  of  the  floor  and  sidea 
of  the  cavity,  and  the  accumulation  of  steam  evolved  by  the  feeders,  aug- 
ment the  expansive  force  of  the  steam  collected,  till  at  length  it  over- 
comes the  resistance  of  this  coliunn  of  water,  and  discharges  it  from  the 
orifice  above.  As  the  water  issuee,  the  pressure  on  the  steam  in  the  cavity 
is  diminiahed,  more  of  the  water  there  is  vaporized,  and  the  ratio  of  its 
expansive  force  to  that  of  repKosioD  in  the  column  increased.  The  jets 
therefore  that  are  thrown  up  must  augment  in  violence.  As  the  water 
decreases  atill  more  in  quantity,  some  of  the  steam  escapes  together 
with  it,  and  at  length,  when  all  the  water  has  been  driven  out,  the  whole 
remaining  body  of  steam  issues  in  a  few  powerful  bursts. 

But  by  the  vaporization  of  all  the  water  it  contained,  the  temperature 
of  the  cavity  ia  reduced  to  the  boiling-point  under  the  pressure  of  the 
atmoBphere  alone,  and  its  sides  proportionately  refrigerated.    The  vsjwur 
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since  all  lava-currents  (as  we  have  shown)  rest  upon  a  bed  of 
loose  scoriae^  it  will  foUow^  almost  as  a  matter  of  course, 
that  when  a  current  has  occupied  the  bed  of  a  river,  the  waters 
which  previously  flowed  there  will  still  to  some  extent  find 
their  way  through  the  loose  matters  beneath,  and  their  tempe- 
rature must  be  affected  by  that  of  the  lava  above,  so  long  as  it 
remains  elevated  above  the  mean  temperature  of  the  earth 
around.  An  example  on  a  large  scale  was  afforded  at  the 
volcano  of  Jorullo  in  Mexico.  The  rivers  Cuitemba  and  San 
Pedro,  which  lose  themselves  on  one  side,  beneath  the  vast 
sea  of  lava  that  forms  the  Malpays,  issue  on  the  opposite  as 
permanent  springs  of  large  bodies  of  water,  which  for  many 
years  retained  an  elevated  temperature.  When  Humboldt 
visited  Jorullo  in  1804,  forty-six  years  after  the  eruption  by 
which  the  lava  was  produced,  their  temperature  was  52^  C. ; 
but  travellers  who  have  recently  visited  the  spot  report  that 
they  have  since  that  time  been  cooled  by  the  reMgeration  of 
the  lava-bed  through  which  they  flow,  and  are  now  scarcely 
more  than  a  few  degrees  above  the  mean  temperature  of 
the  air. 

At  Bertrich-bad,  in  the  territory  of  Luxemburg,  a  thermal 
spring  rises  immediately  below  a  spot  on  which  three  vents  of 
volcanic  eruption  were  formed  at  no  very  distant  period,  and 
probably  owes  its  qualities  to  having  percolated  through  part 
of  the  focal  lava  raised  at  the  time  of  these  eruptions,  and  not 
yet  entirely  refrigerated.  It  is  known  that  the  temperature 
and  mineral  nature  of  this  spring  have  progressively  dimi- 

therefore  that  rises  from  the  feeders  is  condensed  into  water,  and  collects 
at  the  bottom.  This  water  rises  in  the  pipe  as  the  steam  accumulates, 
preserving  an  equilibrium  with  its  expansive  force,  until  this  equilibrium 
is  broken  by  the  latter  having  acquired  sufficient  power  to  discharge 
some  of  the  water  from  the  orifice  of  the  crevice,  when  the  phenomena 
of  aqueous  eruption  recommence. 

A  recent  traveller  in  Iceland,  Mr.  Forbes,  disputes  this  theory,  which 
was  originated  by  Sir  George  Mackenzie,  and  substitutes  one  which  does 
not  appear  to  me  as  satisfactory — indeed,  which  I  can  with  difficulty 
comprehend  (see  Forbes*s  '  Iceland,'  1860). 
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nifihed.  It  is  at  present  below  blood-heat^  and  has  as  nearly 
as  possible  the  taste  of  pure  fountain  water.  In  earlier  times 
its  thermal  and  mineral  qualities  were  much  more  considerable, 
and  acquired  for  it  a  great  reputation  as  a  bathing-place. 

§  15.  The  permanent  gases  that  emanate  firom  the  crevices 
of  lava  during  its  consolidation  are  less  palpable,  and  not  so 
easily  recognized,  mixing  of  course  immediately  with  the 
atmospheric  air,  and  leaving  no  trace  of  their  existence.  Those 
which  have  been  observed  are  principally  carbonic  acid,  nitro- 
gen, and  sulphuretted  hydrogen  gases. 

The  first  of  these  was  detected  by  MM.  Monticelli  and 
Covelli  in  the  exhalations  firom  the  fumarole  of  the  lava  of 
Vesuvius,  while  still  visibly  incandescent.  The  same  gas, 
mingled  perhaps  with  nitrogen,  frequently  escapes  in  very 
considerable  quantity  from  numerous  crevices  in  the  sides  of 
a  volcanic  mountain  immediately  after  the  termination  of  an 
eruption,  that  is,  when  the  crater  or  central  aperture  of  escape 
is  completely  closed. 

These  mephitic  emanations  are  extremely  destructive  to 
vegetation,  and  do  great  injury  to  the  plants  growing  near 
the  points  firom  which  they  proceed.  During  the  terrible 
eruption  which  convulsed  the  island  of  Lancerote  in  1730- 
1734,  exhalations  of  this  kind  appear  to  have  been  equally 
deleterious  to  animal  life ;  all  the  cattle  of  the  island  are  re- 
presented to  have  been  suffocated  by  them.  M.  Hubert,  as 
quoted  by  Bory  de  St.  Vincent,  mentions  that,  during  an 
eruption  of  the  volcano  of  Bourbon,  he  observed  seven  or 
eight  birds,  flying  at  gun-shot  height  above  the  current,  drop 
suddenly,  as  if  stifled,  the  moment  they  entered  the  cloud  of 
vapour  that  emanated  from  it. 

In  Java  there  is  a  crater,  called  the  Guevo  Upas,  or  Poison 
Valley,  half  a  mile  in  circumference,  always  so  full  of  carbonic 
acid  gas,  that  every  living  thing  that  passes  its  limits  is  suffo- 
cated, and  the  ground  is  strewed  with  the  carcases  of  wild 
animals,  birds,  and  even   of  men   that  have  met  their  fate 
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there.  These  facts  lend  colour  to  the  tales  related  by  the 
classical  writers  of  Lake  Avemus^  which  is  certainly  a  volcanic 
crater  of  no  very  ancient  date^  from  whence  carbonic  acid  and 
azotic  gases  may  once  have  been  so  copiously  exhaled  (rising 
through  the  atmosphere  in  consequence  of  their  elevated  tem- 
perature) as  really  to  affect  the  birds  that  flew  over  it.  It  is 
much  more  probable  that  this  fable  shoidd  be  founded  on  fact^ 
than  that  the  fortuitous  invention  of  a  poetic  imagination 
should  coincide  so  well  with  known  phenomena.  The  banks 
of  the  Lago  d'Aguano,  in  the  immediate  vicinity  of  the 
Avemus^  still  exhale  carbonic  acid  gas^  as  well  as  sulphureous 
vapours^  on  many  points.  Any  one  who  has  descended  into  a 
volcanic  crater,  either  in  activity  or  in  the  state  of  a  solfatara^ 
and  felt  the  effect  on  his  own  lungs  of  the  acid  vapours,  will 
readily  give  credit  to  the  possible  truth  of  the  old  story. 

Exhalations  of  carbonic  acid  gas  occur  abundantly  in  many 
other  districts  which  were  the  former  seats  of  volcanic  action, 
as  in  Auvergne,  the  Vivarais,  the  Eifel,  and  throughout  the 
whole  basaltic  range  of  North  Germany,  from  the  Rhine  to 
the  Riesengebirge.  Bischoff  considers  this  gas  to  be  developed 
by  the  decomposition  of  carbonate  of  lime  by  volcanic  heat 
or  heated  water*. 

§  16.  The  period  that  intervenes  between  the  deposition 
of  a  bed  of  lava  upon,  or  its  elevation  into  the  vicinity  of,  the 
surface  of  the  earth  and  its  complete  refrigeration,  that  is,  its 
attaining  the  mean  temperature  of  the  atmosphere,  must  be 
determined  by  the  combination  of  numerous  circumstances ; 
such  as, — 

1.  The  figure  of  the  mass.  It  is  obvious  that  the  more 
equal  its  dimensions  in  every  direction,  the  longer  will  the 
central  part  retain  its  heat ;  and  vice  versa,  the  greater  the 
superficial  extent  of  the  bed  in  proportion  to  its  thickness,  the 
more  rapid  will  be  the  process  of  refrigeration,  other  circum- 
stances remaining  the  same. 

♦  Chemical  Geology,  Cav.  Soc.  Publ.  voL  i.  p.  237. 
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2.  The  situation  of  the  bed,  by  which  it  is  more  or  less 
exposed  to  the  influence  of  refrigerating  media^  such  as  cur- 
rents of  water  or  air^  &c. ;  and  the  conducting  powers  and 
thickness  of  the  solid  masses  with  which  it  is  in  contact,  or 
through  which  alone  its  heat  can  escape. 

8.  The  tendency  of  the  lava  itself  to  part  more  or  less 
rapidly  with  its  heat,  either  in  combination  with  aqueous 
vapour,  or  by  convection  or  radiation,  which  will  probably  be 
influenced  by  its  compactness  or  porosity,  the  extent  to  which 
it  is  penetrated  by  shrinkage-fissures,  and,  perhaps,  its  mineral 
composition. 

It  has  been  already  shown  that  the  coarser  the  grain  of  the 
lava  and  the  more  irregular  its  arrangement,  the  greater  the 
quantity  of  vapour  that  is  enabled  to  escape  by  percolation, 
and  the  more  rapid  therefore,  cteteris  parilms,  will  probably  be 
its  solidification.  The  loss  of  caloric  by  convection  and  by 
radiation  follows  perhaps  the  inverse  ratio,  since  the  con- 
ducting powers  of  the  mass  will  probably  be  proportioned  to 
its  compactness,  and  therefore  to  the  fineness  of  its  grain,  or 
the  regularity  of  its  arrangement. 

Under  favourable  circumstances,  a  body  of  lava  will  certainly 
retain  an  intense  heat  and  liquidity  in  its  interior  during  a 
very  long  period.  Sir  William  Hamilton  lighted  small  strips 
of  wood  by  inserting  them  into  the  fissures  of  a  lava-current 
from  Vesuvius  nearly  four  years  after  its  emission.  Currents 
of  Etna  are  mentioned  by  Ferrara  and  Dolomieu  as  stiU  moving 
down  the  sides  of  the  mountain  ten  years  after  the  eruption 
by  which  they  were  produced,  and  others  as  emitting  vapour 
twenty-six  years  after  their  escape  from  the  volcano.  In  the 
case  of  Jorullo,  already  cited  above,  a  massive  bed  of  lava 
appears  to  have  retained  an  extreme  internal  heat,  attested  by 
the  exhalation  of  steam  in  considerable  quantity  from  nume- 
rous fissures  in  almost  every  part  of  its  surface  till  within  a 
very  few  years,  though  the  eruption  by  which  it  was  emitted 
dates  from  1759. 
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In  respect  to  subterranean  masses  of  lava  once  perhaps  in 
eraptive  communication  with  the  outer  mr,  of  course  no  limit 
can  be  assigned  to  the  duration  of  their  high  temperature — all 
their  coaditions  of  positJon  and  extent  being  unknown,  and 
scarcely  to  be  guessed  at;  as  well  as  whether,  or  in  what 
degree,  they  are  fed  by  continual  increments  of  caloric  &om 
beneath  or  laterally.  These  considerations  will  be  resumed  in 
a  later  page. 


View  of  Jorulto  snd  iU  UalpaU     (After  Humboldt) 
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CHAPTER  VIII. 

VOLCANIC  MOUNTAINS. 

§  1.  The  preceding  chapters  having  treated  generally  of  the 
normal  phenomena  of  a  single  volcanic  eruption^  the  nature 
of  the  erupted  matters^  and  the  mode  in  which  they  tend  to 
dispose  themselves  outwardly  around  and  about  the  vent,  I 
propose  now  to  consider  the  more  complex  cases,  resulting 
from  eruptions  continued,  or  repeated  at  intervals,  on  the 
sam6  point  through  a  long  term,  perhaps  many  thousands  of 
years,  which  we  know  to  be  an  habitual  character  of  volcanic 
action. 

It  is  at  once  evident  that  such  repeated  eruptions  cannot 
fail  to  load  the  surface  of  the  earth  around  their  source  with 
a  mountainous  excrescence  of  a  magnitude  proportioned  to 
the  quantity  of  matter  thrown  up.  Some  of  the  lateral  or 
parasitic  cones,  for  example,  formed  upon  the  slopes  of  Etna 
in  the  course  of  a  few  days  by  a  single  eruption,  measure  800 
or  even  1000  feet  in  height,  and  are  bulky  in  proportion. 
Each  has  also  given  birth  to  streams  of  lava  which  have  covered 
areas  averaging  very  many  square  miles  with  beds  of  solid 
rock  often  twenty  or  thirty  feet  in  thickness,  and  occasionally 
much  more.  And  since  we  know  Etna  to  have  been  in  erup- 
tion hundreds  of  times  within  the  historical  era,  it  is  impos- 
sible but  that  the  vast  amount  of  matter  thus  added  to  the 
external  surface  of  the  moimtain  during  that  period  must  have 
greatly  increased  its  aggregate  bulk.  Yet  that  period  most 
likely  forms  but  a  minutely  fractional  portion  of  the  time 
through  which  the  volcano  has  been  equally  active. 

Again,  on  examining  the  structure  of  the  mountain,  we  find 
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its  entire  mass*^  so  far  as  it  is  exposed  to  view  by  denudation 
or  other  causes  (and  one  enormous  cavity,  the  Yal  del  Bove, 
penetrates  deeply  into  its  very  heart),  to  be  composed  of  beds 
of  lava-rock  alternating  more  or  less  irr^ularly  with  layers  of 
scorise,  lapillo,  and  ashes,  almost  precisely  identical  in  mineral 
character,  as  well  as  in  general  disposition,  with  those  erupted 
by  the  volcano  at  known  dates  within  the  historical  period. 
Hence  we  are  fully  justified  in  believing  the  whole  mountain 
to  have  been  built  up  in  the  course  of  ages  in  a  similar  man- 
ner by  repeated  intermittent  eruptions  f-  And  the  argument 
applies  by  the  rules  of  analogy  to  all  other  volcanic  moun- 
tains, though  the  history  of  their  recent  eruptions  may  not  be 
so  well  recorded,  provided  that  their  structure  corresponds 
with,  and  can  be  fairly  explained  by,  this  mode  of  production. 
It  is  also  further  applicable,  under  the  same  reservation,  to  all 
mountains  composed  entirely,  or  for  the  most  part,  of  volcanic 
rocks,  even  though  they  may  not  haye  been  in  eruption  ^thin 
our  time. 

In  order  then  to  be  in  a  position  to  determine  this  question 
in  regard  to  any  particular  mountainous  aggr^ate  of  vol- 
canic rocks,  it  will  be  necessary  to  consider  carefully  the 
manner  in  which  the  products  of  repeated  eruptions  are  ob- 
served to  dispose  themselves,  or  must  necessarily  do  so,  in 
obedience  to  the  laws  of  volcanic  action  already  ascertained. 

§  2.  When,  in  a  former  chaper,  we  discussed  the  form  and 
composition  of  the  cone  or  hiUock,  whether  simple  or  com- 

♦  With  the  exception  of  a  few  comparatively  insignificant  strata  of 
marine  sediments  intercalated  with  the  volcanic  matters  up  to  a  certain 
level,  and  by  which  the  argument  is  not  affected  sensibly. 

t  If  any  geologist  still  adheres  to  the  opinion  of  M.  Elie  de  Beaumont, 
that  the  lavas  forming  the  clifis  about  the  Yal  del  Bove  and  other  ancient 
portions  of  Etna  have  not  flowed  into  their  present  inclined  positions^  but 
have  been  upheaved  from  a  nearly  horizontal  one  by  some  single  and 
sudden  operation — because  he  believes  that  lava  cannot  consolidate  in 
such  thick  beds  at  any  angle  above  3°  or  4** — I  refer  him  to  Sir  Charles 
Lyell*s  ample  refutation  of  this  groundless  assertion,  as  respects  Etna 
especially  (Phil.  Trans.  1850). 
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pounds  produced  by  a  single  continuous  eruption  of  fragment- 
ary matter  from  one  vent,  it  was  observed,  that  the  weight 
and  pressure  of  the  lava  ascending  within  the  frmnel-shaped 
cavity  of  such  a  cone  often  breaks  down  one  of  its  sides,  and 
allows  the  lateral  escape  of  the  liquid  matter,  which  disposes 
itself  at  the  foot  of  the  hill,  according  to  the  circumstances 
already  enumerated  ;  but  that,  should  the  cone  be  sufficiently 
solid  to  resist  this  pressure,  the  lava  will  often  rise  until  it  is 
enabled  to  escape  over  the  lowest  part  of  the  ridge  of  the  crater, 
and  pour  itself  down  the  outward  slope  of  the  hill.  In  this 
case,  a  part  of  it  congeals  in  its  descent,  and  remains  fixed  as  a 
more  or  less  solid  rib  or  buttress  to  the  fragmentary  cone. 

The  effect  of  every  subsequent  eruption  from  the  same 
orifice  which  has  already  produced  a  cone  of  scoriae  and  a 
lava-current,  must  be  to  cover  these  with  fresh  products  of  a 
similar  character,  arranged  more  or  less  conformably  to  the 
outer  slopes  of  the  cone ;  and  the  frequent  repetition  of  such 
phenomena  must  create  an  irregular  alternation  of  stony  con- 
solidated lavas  and  conglomerate  strata  produced  by  the  con- 
temporaneous ejections;  these  different  beds  having  a  qua- 
quaversal  dip  away  from  the  eruptive  centre,  and  accumulating 
together  into  a  mass  of  more  or  less  magnitude,  in  proportion 
to  the  violence  and  number  of  the  eruptions. 

The  original  cone  thus  by  degrees  assumes  the  size  and 
dignity  of  a  mountain.  Those  currents  of  lava  which  are  able 
to  force  their  way  through  the  side  of  this  hill,  harden  into 
massive  buttresses  at  its  foot,  or  upon  its  skirts ;  while  those 
which  overflow  the  edge  of  the  crater  add  still  more  efficiently 
to  the  strength  of  the  cone,  remaining,  as  so  many  solid  ribs, 
interbedded  with,  and  more  or  less  cementing,  its  looser  mate- 
rials. In  this  manner  the  mass  becomes  gradually  more  and 
more  fortified ;  and  while  the  outward  pressure  of  the  column 
of  lava,  raised  during  its  eruptions,  within  the  chimney  or 
central  vent  of  the  moimtain,  increases  with  its  growing  eleva- 
tion, the  strength  and  solidity  of  its  framework,  and  conse- 
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qnently  the  resistance  oppcMsed  to  this  force^  are  augmented 
likewise*. 

§  8.  That  resistance^  however,  is  frequently  overcome  by 
the  intensity  of  the  rupturing  force,  but  not  in  the  same  man- 
ner as  in  the  case  of  a  cone  formed  solely  of  fragmentary 
matter,  where  the  whole  side  is  broken  down  and  carried 
away  at  once.  Where  it  consists  of  alternate  fragmentary 
and  solid  beds,  knit  together  into  a  compact  framework  by 
heat  and  pressure,  shoidd  the  force  of  the  lava,  ascending  in 
the  central  vent,  and  acting  like  an  immense  wedge  driven 
fit>m  below  upwards  into  the  heart  of  the  cone,  overcome  the 
cohesion  of  its  sides,  one  or  more  vertical  fissures  will  be  split 
through  them  in  an  approximatively  radial  direction;  and 
by  these  the  lava  will  often  make  its  escape,  with  a  velocity 
and  volume  determined  by  its  fluidity,  the  dimensions  of  the 

♦  This  view  of  the  mode  in  which  volcanic  mountains  are  formed,  I 
need  scaioely  say,  was  held  by  all  geologists  before  the  "  Elevation-Crater 
theory  "  was  suggested  by  MM.  Humboldt  and  Von  Buch,  especially  by 
those  geologists  who  had  made  volcanos  their  peculiar  study,  such  as 
De  Saussure,  Spallanzani,  Sir  W.  Hamilton,  and  Dolomieu.  Spallanzani, 
for  instance,  in  describing  the  formation  of  the  island  of  Saline,  one  of 
the  Lipari  group,  as  composed  of  repeated  beds  of  lava  and  scorifld,  one 
above  the  other,  sloping  from  the  sunmut-edge  of  the  crater  to  the  sea 
around,  goes  on  to  say,  "  We  must  conclude  that  there  were  at  least  as 
many  eruptions  from  the  simimit  of  this  mountain  as  we  can  count  beds 
of  lava.  Thus  U  is  that  volcanic  mountains  are  for  the  most  part  formed* 
In  the  beginning  it  is  only  the  accumulation  of  the  products  of  one  first 
eruption ;  then  a  second  takes  place ;  then  a  third ;  and  the  mass  goes  on 
increasing  always  in  bulk  in  proportion  to  the  number  of  eruptions.  Thus 
was,  no  doubt,  formed,  increased,  and  extended  the  colossal  bulk  of  Etna. 
Such  was  the  origin  of  Vesuvius,  of  the  Lipari  Isles,  and  of  other  volcanic 
mountains, — ^not,  however,  forgetting  that  some  minor  volcanic  hilLB,  like 
the  Monte  Nuovo,  and  the  Monte  Rosso  on  the  flank  of  Etna,  were  pro- 
duced by  a  single  eruption."  (Voyage  dans  les  Dei  x  Siciles,  ii.  p.  116.) 

The  opposing  theory,  which  attributes  the  production  of  all  volcanic 
mountains  to  **  sudden  bladder-like  upheaval,"  has  been  amply  refiited  in 
a  separate  publication.  (See  my  paper  on  Volcanic  Cones  and  Craters, 
Quart  Joum.  Geol.  Soc.  1869.)  It  is  wholly  irreconcileable  with  the  view 
of  volcanic  action  which  it  is  the  purpose  of  this  volume  to  support  and 
establish. 
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fiBsure,  and  the  relative  height  of  the  internal  column.  As  it 
flows  out  of  any  lateral  opening  thus  established^  the  surface 
of  this  column  must  gradually  fall,  until  it  reaches  the  level 
of  the  orifice  of  emission.  This  then  becomes  the  vent  for 
the  jets  of  elastic  fluid  likewise,  the  surface  of  the  column 
being  here  brought  into  communication  with  the  atmosphere. 
Meantime  tiie  pressure  and  intense  heat  of  the  lava,  still  boil- 
ing up  the  fissure,  tend  to  enlarge  and  lengthen  it,so  as  probably 
to  force  another  opening  at  an  inferior  level.  From  this  point 
the  siune  phenomena  take  place,  and  are  often  repeated  from 
fresh  orifices  successively  produced,  one  below  another,  in  the 
side  of  the  moimtain,until  the  pressure  of  the  internal  column 
of  lava  is  so  far  diminished  that  it  can  no  longer  overcome  the 
resistance  afforded  by  the  solid  substructure  of  the  mass.  The 
internal  plethora  of  the  volcano  being  then  relieved,  all  dis- 
charge of  lava  in  currents  before  long  ceases ;  and  the  column 
is  still  further  lowered  within  the  vent  by  the  escape  of  its 
vapour  alone,  projecting  scoriae  upwards,  either  from  the  last- 
formed  aperture  or  the  central  crater,  or  alternately  from  both ; 
and  the  eruption  gradually  terminates — the  sum  of  resistances 
to  the  outward  escape,  in  this  manner  at  that  point,  of  the 
excess  of  subterranean  heat  having  regained  the  predominance 
over  the  antagonistic  forces. 

The  process  thus  described  is  proved  by  observation  to  be 
the  normal  action  of  every  habitually  eruptive  volcano;  for 
the  annals  of  all  compound  volcanic  mountains  teem  with  the 
records  of  eruptions  characterized  by  these  circumstances. 
Let  us  take  Etna  for  example.  In  the  eruption  of  1536, 
twelve  different  mouths  opened  successively,  one  below  an- 
other, on  the  same  radial  line  or  fissure,  each  producing  lava, 
while  the  central  crater  vomited  vapour  and  scorisB*.  In  1669, 
the  south-east  flank  of  Etna  is  described  as  having  been  visibly 
split  open  by  an  enormous  rent,  reaching  from  the  summit 
two-thirds  of  the  distance  down  the  mountain.     From  its 

*  Ferrara,  Campi  PhlegrsBL    Borelli,  Storia  del  Eruzione.    Hofinum. 
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lower  extremity  issued  the  vast  current  of  lava,  which,  taking 
the  direction  of  Catania^  destroyed  a  third  of  that  town,  and 
formed  a  large  promontory  projecting  half  a  niile  into  the 
sea*^.  After  the  emission  of  the  lava-current  had  ceased  (that 
is,  when  the  internal  column  of  lava  had  subsided  to  the  level 
of  the  lateral  vent),  aeriform  explosions  succeeded  from  the 
same  orifice,  and  continued  to  be  discharged  with  violence 
during  fourteen  days.  The  fragmentary  matters  vomited  by 
them  produced  the  large  double  cone  called  Monti  Rossi,  near 
Nicolosi,  and  covered  a  circuit  of  about  two  miles  radius  with 
a  deep  deposit  of  black  sand  containing  innumerable  separate 
crystals  of  augite.  This  district  is  only  now  beginning  to 
support  a  scanty  vegetation,  in  spite  of  the  assiduous  efforts 
made  by  the  inhabitants  to  fertilize  it.  Part  of  the  fissure 
then  formed  is  still  visible  behind  the  Monti  Bossi. 

In  1780  the  earth  sunk  along  a  straight  line  firom  the  upper 
crater  to  a  new  lateral  vent  which  produced  an  eruption,  show- 
ing the  existence  of  a  fissure  in  that  direction.  In  the  later 
eruption  of  1792,  Ferrara  observed  that  a  fissure  was  broken 
through  the  side  of  the  mountain^  whence,  during  ten  days, 
the  lava  boiled  out  very  tranquilly,  while  the  aeriform  explo- 
sions took  place  only  fi:t)m  the  principal  crater.  At  the  end  of 
this  time  the  explosions  ceased  firom  the  main  crater,  and 
commenced  from  the  extremity  of  the  fissure,  at  the  same 
moment  that  the  lava  ceased  to  flow  out ;  the  liquid  column 
within  the  vent  having  evidently  lowered  itself,  by  continual 
emission,  to  the  level  of  the  lateral  aperture. 

Again,  in  1809,  numerous  orifices  emitting  lava  opened 
successively  upon  one  line  or  fissure,  reaching  downwards  firom 
the  margin  of  the  great  craterf.  A  similar  circumstance 
occurred  during  the  eruption  of  Etna  in  1811-12,  according 
to  the  relation  given  to  me  by  Signer  Gemellaro,  who  was  a 
witness  of  the  fact.  It  appears  that  after  the  great  crater  had  by 
its  violent  detonations  for  some  time  testified  that  the  ascend- 

♦  Fazclli,  p.  212.  t  Aimales  de  Chimie  et  de  Physique,  1810. 
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ing  lava  had  nearly  reached  the  summit  of  the  mountain  by  its 
central  duct^  an  unusually  violent  shock  was  felt^  and  a  stream 
of  lava  broke  out  firom  the  side  of  the  cone,  at  no  great  distance 
from  its  apex.  Shortly  afiter  this  had  ceased  to  flow,  a  second 
stream  burst  forth  at  another  opening,  considerably  below  the 
first ;  then  a  third  still  lower,  and  so  on  till  seven  different 
issues  had  been  thus  successively  formed,  all  lying  upon  the 
same  straight  line,  prolonged  from  the  summit  nearly  to  the 
base  of  the  mountain.  This  line  was  evidently  in  this,  as  in 
the  former  cases,  a  perpendicular  rent  split  through  the  in- 
ternal framework  of  the  mountain;  probably  not  opened 
through  its  whole  length  by  one  shock,  but  prolonged  gradu- 
ally downwards  by  the  weight,  intense  heat,  and  wedge-like 
pressure  of  the  internal  column  of  lava,  as  its  surface  sank 
by  gradual  dischai^e  through  each  vent.  The  flowing  of  lava 
from  each  of  these  orifices  was  followed  by  the  eructation  of 
scoriae,  creating  as  many  small  parasitical  cones.  In  fact,  in 
nearly  every  lateral  eruption  of  Etna,  the  production  of  such 
a  fissure  has  been  observed ;  the  lava  issuing  fix)m  its  lower 
extremity,  and  successively  from  different  points,  as  the  rent 
was  prolonged  downwards. 

Other  volcanos  present  the  same  phenomena.  I  may  par- 
ticularize the  great  eruption  of  Vesuvius  in  1784,  when  five 
small  cones  were  formed  in  succession  at  the  eastern  base 
of  the  mountain,  in  a  line  which,  if  prolonged  upwards,  would 
have  intersected  its  apex.  They  still  exist,  and  mark  the 
points  whence  the  lava-streams  issued  by  which  Torre  del 
Greco  was  overwhelmed. 

In  all  these  cases  the  central  craters  of  the  two  volcanos  con- 
tinued to  discharge  torrents  of  elastic  fluids,  carrying  up  scoriae, 
lapillo,  and  ashes,  while  their  lavas  escaped  in  currents  at  a 
much  lower  level.  When,  however,  the  aeriform  explosions 
took  place  fit)m  the  lateral  vents,  those  of  the  central  crater 
ceased  for  a  time,  and  usually  recommenced  when  the  former 
had  in  turn  stopped. 
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But  one  of  the  most  remarkable  and  instructive  instances  of 
analogous  facts  is  to  be  found  in  the  terrific  eruption  which 
tormented  the  west  coast  of  Iceland  in  1783^  when  the  lava 
issued  in  enormous  quantity  from  several  sources  opened  suc- 
cessively in  a  plain  at  the  foot  of  the  high  volcanic  cone 
(Skaptar  Jokul)^  from  which  the  gaseous  explosions  had  been^ 
and  for  some  time  continued  to  be,  discharged. 

These  sources  were  about  eight  miles  distant  fit>m  one  an- 
other, and  were  formed  along  the  same  straight  line,  which 
obviously  marked  the  direction  of  a  fissure  broken  through  the 
superincumbent  strata  of  the  plain^  by  the  upward  pressure  of 
the  lava  below,  in  communication  with  that  which  was  forced 
up  the  internal  chimney  of  the  neighbouring  mountain.  A 
fourth  source  opened  itself  in  the  prolongation  of  the  same 
line,  but  beneath  the  sea,  and  at  a  distance  of  thirty  miles,  pro- 
ducing a  rocky  island,  now  reduced  to  a  mere  shoal  by  the 
erosive  action  of  the  waves  and  submarine  currents.  The  lava 
poured  forth  by  the  three  inland  sources  deluged  the  plain 
to  a  superficial  extent  of  more  than  400  square  miles ;  and  the 
extreme  distance  of  the  vents,  and  consequently  the  length  of 
the  fissure  then  formed,  was  not  less  than  100  miles  I 

In  this  instance  it  appears  that  the  framework  of  the  vol- 
canic mountain  ofiered  a  more  solid  texture,  and  a  greater 
d^ree  of  resistance  to  the  pressure  of  the  internal  column  of 
lava,  than  the  superincumbent  beds  constituting  the  plain  at 
its  base,  which  in  consequence  were  the  first  to  give  way,  and 
open  an  issue  to  the  fluid.  The  fissure  so  formed  was,  in  fact, 
only  a  prolongation  or  a  re-opening  of  the  fundamental  one, 
which  ranges  south-west  across  the  entire  island,  and  which 
has  given  birth  to  all  the  recent  eruptions  of  trachytic  lava 
that  compose  and  surround  the  great  central  range  of  jokuls 
or  volcanic  mountains,  Hecla,  Katlugaia,  Skaptar,  Skalbreide, 
Sneyfels,  &c.  The  immense  quantity  of  lava  produced  by  the 
eruption  of  1783,  and  the  velocity  with  which  it  flowed  forth, 
were  obviously  in  direct  proportion  to  the  great  height  to  which 
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the  column  liad  ascended  in  the  interior  of  the  mountain^  before 
the  fissure  was  formed.  The  distance  of  the  apertures  by  which 
the  lava  was  poured  out  from  the  crater  or  central  vent  of  the 
volcano  which  discharged  the  aeriform  fluids^  proves  the  vast 
horizontal  extent  of  the  subterranean  reservoir  of  lava^  which 
is  the  less  astonishing  from  our  knowledge  that  the  whole 
island  of  Iceland  has  been  produced  from  the  bottom  of  the 
sea  by  the  successive  eruptions  of  the  same  volcanic  system — 
we  might  indeed  say^  of  the  same  volcano. 

The  great  eruptions  of  Lancerote  in  the  Canary  Isles  in 
1 788  afford  a  parallel  instance.  Some  forty  vents  there  opened 
in  succession  along  the  course  of  a  fissure  which  crossed  the 
whole  island,  itself  the  summit  of  a  great  submarine  volcanic 
mountain.  Each  of  these  discharged  lava-currents  and  quan- 
tities of  soorise — ^the  latter  producing  as  many  cones,  the  former 
flooding  the  surrounding  surfaces  with  basaltic  matter  spread 
out  in  horizontal  sheets.  These  eruptions  lasted  through 
several  years. 

§  4.  There  can  be  little  doubt  that  most  of  the  minor  shocks 
which  agitate  the  environs  of  a  volcano,  during  and  previous 
to  an  eruption,  are  owing  to  the  rending  of  some  part  of  the 
solid  framework  of  the  mountain  or  its  supporting  strata,  by 
the  action  of  the  force  we  have  described  as  resulting  from 
the  pressure  in  all  directions  of  the  liquefied  matter  which 
is  in  communication  with  that  elevated  within  the  volcanic 
chimney.  The  prolongation  or  widening  of  a  fissure  previously 
formed  would  have  the  same  jarring  or  vibratory  effect  as  the 
creation  of  a  new  one.  It  is,  indeed,  a  remark  common  to  the 
observations  made  on  almost  all  volcanic  eruptions,  that  local 
earthquakes  always  precede  the  emission  of  lava-currents,  and 
cease  while  the  lava  is  flowing,  to  recommence  when  it  has 
stopped.  Those  more  violent  shocks,  on  the  other  hand,  which 
are  felt  throughout  considerable  distances,  are  probably  caused 
by  new  rents  produced  in  the  solid  subjacent  strata  supporting 
or  surrounding  the  mountain ;  and  some  of  them  belong  per- 

m2 
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hapB  rather  to  that  class  of  plutonic  earthquakes  which  are 
rarely  accompanied  by  any  outward  eruption^  although  we  may 
suppose  them  to  prepare  the  way  for  such. 

§  5.  The  rents  thus  produced  in  the  frame  of  a  volcanic 
moimtain  are  sometimes  of  such  width  as  to  cleave  its  whole 
mass  in  two.  This  occurred  to  the  volcano  of  Machian^  one 
of  the  Moluccas^  in  1646.  The  crater  of  the  Soufiriere  of 
Montserrat^  and  the  volcanic  cone  of  Guadaloupe^  both  appear 
to  have  been  thus  split  through.  So  also  the  Montague  Pflee 
of  Martinique.  The  eruption  of  Vesuvius  in  October  1822, 
which  was  peculiarly  fertile  in  interesting  phenomena,  offered 
also  an  example  of  this  rending  of  the  moimtain.  The  crater 
or,  rather,  chasm  left  by  that  eruption  was  but  a  local  enlarge- 
ment of  an  enormous  fissure  broken  across  the  cone  in  a  direc- 
tion N.W.-S.E.  The  cleft  was  prolonged  through  the  whole 
frame  of  the  cone  on  the  S.E.  side,  and  produced  a  deep  notch 
in  its  ridge,  which,  though  considerably  effaced  by  the  beds  of 
scorise  and  fragments  thrown  into  it,  was  still  500  feet  lower 
than  the  neighbouring  points  of  the  crater's  rim. 

These  axial  rendings  of  a  volcanic  mountain  have  probably 
been  the  originating  cause  of  the  greater  gorges  which  are 
found  occasionally  opening  a  wide  avenue  into  its  central 
crater,  such  as  the  Barranco  of  Palma,  the  Val  del  Bove  in 
Etna,  and  others.  On  this  subject  more  will  be  said  presently. 

§  6.  The  narrower  fissures  broken  through  the  internal 
framework  of  the  mountain,  and  instantly  occupied  by  the 
liquid  lava,  become  hermetically  sealed  by  its  subsequent  con- 
solidation, and  assume  the  character  of  dykes.  These  being 
usually  formed,  as  has  been  said,  in  a  vertical  direction,  and 
therefore  through  the  mantling  beds  or  currents  of  lava  that 
compose  a  large  part  of  its  substance,  communicate  a  vast 
accession  of  strength  to  the  structure  of  the  mountain,  acting 
as  ties  to  the  latter,  which  may  be  likened  to  the  main  beams 
of  the  edifice. 

The  section  of  Monte  Somma  presented  by  the  steep  difib 
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above  the  Atrio  del  CavaQo^  which  are  the  remaming  walls  of 
an  ancient  central  crater  of  this  volcano^  exhibits  an  almost 
infinite  number  of  such  dykes  traversing  the  mass  of  the 
moimtain  in  various  directions^  all  approaching^  however^  more 
or  less  to  the  vertical,  and  crossing  each  other,  as  well  as  the 
more  massive  and  apparently  horizontal  beds  of  alternate  lava 
and  scorise,  so  as  to  give  a  reticulated  appearance  to  the  face 
of  the  diff.  They  are  of  very  compact  leucitic  basalt,  and 
frequently  divided  into  prisms  lying  at  right  angles  to  the 
walls  of  the  dyke.  The  crater  of  Vesuvius  formed  in  1822 
exhibited  similar  features,  which  are  common,  in  fact,  to  the 
central  parts  of  all  volcanic  mountains  of  which  the  internal 
structure  is  sufficiently  exposed  by  denudation  or  otherwise. 

Some  of  these  dykes  are  very  narrow,  often  not  exceeding  a 
foot  or  two  in  width.  The  small  veins  are  probably  but  rami-> 
fications  of  other  larger  ones,  and  have  never  reached  the  outer 
surface.  It  is,  however,  quite  conceivable  that  a  very  narrow 
and  intricate  fissure  may  act  as  a  channel  for  the  ascent  and 
outward  efflux  of  large  quantities  of  highly  fluid  lava,  supposing 
the  aeriform  explosions,  which  would  necessarily  widen  the 
fissure  considerably  towards  its  upper  extremity,  to  be  dis- 
charged for  the  most  part  at  some  other  contiguous  point — 
perhaps  from  the  central  crater.  The  dykes  visible  in  the  pre- 
cipitous walls  of  the  crater  of  Vesuvius  left  by  the  explosive 
eruption  of  1822  were  vertical,  and  could  be  traced  at  least 
400  or  500  feet  downwards,  penetrating  through  the  horizontal 
layers  of  both  lava  and  scoriae  which  constituted  the  bulk  of 
the  cone.  Many  of  them  terminated  upwards  in  some  of  the 
lava-beds,  of  which  they  had  probably  been  the  feeders  from 
beneath.     (See  figs.  15  &  16,  p.  76  stqari.) 

Similar  dykes,  composed  of  trachyte,  are  to  be  seen  in  the 
Val  de  PEnfer — a  chasm  towards  the  centre  of  the  Mont 
Dore.  Three  or  four  of  them  are  only  from  5  to  8  feet  in 
width,  and  rise  vertically  nearly  1000  feet  from  the  bottom  of 
the  ravine  to  the  high  projecting  peaks  called  Les  AiguiUes, 
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by  which  name  their  upper  extremities  are  knowiK  Mr.  Dar- 
win describes  one  dyke  in  St.  Helena  as  being  1260  feet  high, 
and  maintaining  throughout  a  uniform  width  of  9  feet  from 
top  to  bottom. 

The  matter  composing  such  dykes  is  generally  compact 
and  free  from  vesicles.  It  not  unfrequently  has  a  finer  grain 
at  the  sides  than  towards  the  centre.  This  may  be  attributed 
to  friction  against  the  walls  disint^rating  the  crystalline 
elements  of  the  lava  as  it  is  propelled  up  the  fissure— if  we 
suppose  it  to  have  been  already  in  a  semi-crystalline  state. 
Some  dykes^  however^  have  lateral  'selvages'  of  a  vitreous 
texture.  Is  this  owing  to  the  disintegration  from  friction 
proceeding  so  far  as  to  cause  the  complete  fusion  of  the  lava 
by  the  same  amount  of  heat  which  allowed  the  central  portion 
to  retain  its  partial  crystallization  ? — or  is  it  (as  Sir  C.  Lyell  * 
and  others  suppose)  that  the  lava^  when  injected,  was  alto- 
gether in  the  state  of  liquid  glass,  and  crystallized  subse- 
quently, the  sides  retaining  their  glassy  texture  owing  to  their 
comparatively  rapid  cooling  ?  The  first  of  these  alternatives 
is  to  some  extent  supported  by  the  facts,  that  the  lateral  matter 
of  dykes  is  often  laminated,  as  if  by  friction ; — that  dykes  of 
syenite  are  occasionally  bordered  by  seams  of  greenstone,  t.  e. 
fine-grained  or  disintegrated  syenite ; — and,  again,  greenstone 
dykes,  when  traversing  limestone,  by  serpentine, — formed,  ap- 
parently, through  a  metamorphic  process,  by  mixture  of  the 
magnesia  of  the  augite  with  lime  trom  the  side  rocks,  and 
dragged  out  into  crumpled  laminse  by  the  pressure  and  friction 
of  the  heated  lava  forcing  its  way  up  the  dyke. 

The  injection  of  such  fissures  by  liquid  lava  generally  takes 
place  with  very  little,  if  any,  derangement  of  the  rocks  they 
penetrate.  **  That  dykes  shift  or  disturb  the  beds  they  pierce 
is  a  rare  phenomenon,'^  says  Sir  C.  Lyell,  speaking  especially 
of  his  observations  on  Etna,  Madeira,  and  the  Canary  Isles  f* 

«  Manual,  p.  532,  ed.  1855. 

t  "  On  Lavas  of  Mount  Etna,"  PhiL  Trans,  for  1858,  p.  47. 
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And  this  remark  agrees  with  what  is  generally  observed  even 
among  the  earlier  volcanic  (trap)  dykes^  with  some  exceptions 
to  be  noticed  presently. 

§  7.  It  is,  however,  evident  that  every  fissure  so  formed  and 
filled  from  beneath  with  solid  matter  must,  in  proportion  to 
its  siase,  be  attended  by  a  certain  amount  of  derangement  in 
the  rocks  it  traverses,  and  also  must  occasion  in  some  degree 
the  distension  or  internal  swelling  of  the  mountain,  which  wiU 
thus  grow  in  bulk,  not  merely  by  the  outward  addition  of 
erupted  matters,  but  also  to  some  extent  by  the  internal  accre- 
tion of  injected  lavas.  Such  inward  dilatation  has  been  aptly 
compared  by  Sir  C.  Lyell  to  the  endogenous  growth  of  a  tree 
by  the  ascent  of  sap  in  its  veins.  The  increase  of  bulk  acquired 
by  this  process  will  nevertheless  be  but  trifling  in  comparison 
with  that  occasioned  by  its  outward  eruptions, — ^an  inference 
confirmed  by  the  small  proportionate  bulk  in  the  aggregate  of 
the  dykes  which  are  observable  in  the  interior  of  a  volcanic 
moimtain  wherever  it  is  exposed  to  view,  in  comparison  with 
that  of  the  repeated  beds  of  lava  and  conglomerate  which, 
sloping  from  the  central  summits  to  its  extreme  skirts,  make 
up  evidently  the  far  greater  part  of  the  mass.  It  should  be 
remarked,  however,  that  the  dykes  being  more  numerous  near 
the  central  vent,  their  aggr^ate  efiect  in  elevating  these  beds 
will  be  greatest  there,  and  give  them  a  steeper  inclination  near 
the  summit  than  lower  down  the  flanks  of  the  mountain. 
This  is  one  cause  (but  by  no  means  the  principal  one)  of  the 
angle  of  slope  of  the  higher  beds  and  of  the  outer  surfieux) 
likewise,  usually  ranging  from  20^  to  35°;  while  towards  the 
base  it  diminishes  to  10°,  and  graduates  ultimately  to  horizon- 
tality.  The  more  influential  causes  of  this  general  result  are 
(as  will  shortly  be  shown),  the  frequency  of  lateral  eruptions 
on  the  lower  slopes  of  every  volcanic  mountain,  loading  them 
with  parasitic  cones  and  floods  of  lava,  and  the  abundance  of 
fragmentary  matter  carried  down  the  heights  by  rain  and 
floods — all  combining  to  enlarge  its  base. 
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Since  the  expansion  of  a  volcanic  mountain  hy  inward 
accretion  (to  whatever  extent  it  takes  place)  must  be  slow  and 
gradual^  accompanying  throughout  the  gradual  accumulation 
in  very  much  lai^er  quantities  of  sloping  beds,  both  frag- 
mentary and  solid,  formed  by  the  external  dejections  of  the 
volcano,  it  in  no  degree  corresponds  with,  or  can  be  brought 
forward  to  justify  the  idea  involved  in  the  theory  of '  Elevation 
Craters' — that  is  to  say,  the  formation  of  volcanic  moimtains 
by  a  "  stnglcy  sudden  swelling-up  of  previously  formed  hori- 
zontal beds  of  lava  and  scorue  into  a  hollow  bladder^' — ^which 
is  the  notion  so  long  and  perseveringly  supported  by  MM.Von 
Buch,  De  Beaumont,  and  their  disciples  '^. 

From  this  knitting  together  of  its  component  beds  by  inter- 
laced dykes  and  veins  of  solidified  lava,  it  is  clear  that  as  a 
volcanic  mountain  grows  in  height  and  bulk,  the  cohesive 
strength  of  its  fabric  must  increase  in  at  least  an  equal  pro- 
portion, which,  combined  with  its  equally  augmented  weight, 
enables  it  to  resist  the  increasing  hydrostatic  pressure  of  the 
column  of  liquid  lava  that  may  be  propelled  at  periods  of  erup- 
tion up  its  central  duct.  Hence  it  would  seem  that  qo  abso- 
lute limit  can  be  set  to  the  growth  of  such  a  mountain  in 
height  and  bulk.     And,  in  fact,  we  know  that  many  volcanos 

*  See  ''  Cones  and  Craters,^'  Quart  Joum.  Geol.  Soc.  1859.  M.  Elie  de 
Beaumont,  in  one  of  his  later  works,  speaks  of  such  dykes  as  forming  ''the 
evidence  and  the  measure  **  of  the  upheaval  of  the  volcanic  mountain  in 
which  they  occur.  To  that  proposition  all  will  assent.  But  it  is  just  be- 
cause the  dykes  form  but  a  fractional  portion  of  the  whole  hulk  of  such  a 
mountain,  that  the  amount  of  its  upheaval,  of  which  they  are  the  meaettre, 
is,  in  my  estimation  (and  by  the  rule  laid  down  hy  M.  Elie  de  Beaumont 
himself),  also  hut  fractional.  Moreover  the  injection  of  these  dykes  was 
certainly  not  simultaneous,  since  they  interlace  and  traverse  one  another. 
This  sentence,  however,  of  M.  Elie  de  Beaumont  evidentiy  amounts  to  a 
renunciation  of  the  doctrine  of  a  bladder-like  t^fheaval;  for  if  any  hollow 
existed  heneath  the  upraised  mass,  that,  and  not  the  solid  up-filled  dykes, 
would  be  the  '  measure '  of  the  upheaval.  Moreover  it  is  impossible  to 
understand  how  fissures  in  the  *  upheaved'  dhist  could  be  injected  with 
fluid  lava,  hy  the  same  process  which  left  a  vacant  cavity  heneath  it  (!). 
These,  however,  are  not  the  only  inconsistencies  of  the  *  upheavalists.' 
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do  reach  an  extraordinary  altitude : — Etna^  in  round  numbers^ 
1 1,000  feet  j  the  Peak  of  Teneriffe,  12,000 ;  Klutschew,  one  of 
the  volcanos  of  Kamtschatka,  16,000 ;  another  in  the  Aleutian 
chain,  14,000 ;  St.  Helenas,  north  of  the  Columbia  River,  on 
the  north-west  coast  of  America,  15,000 ;  Popocatepetl  and 
Orisava,  in  Central  America,  18,000;  Sahama  in  Bolivia^ 
22,350;  Aconcagua,  23,000;  Sangay,  17,124;  Antuco,  16,000; 
Chimbora90,  21,000  feet  (the  last  four  all  in  Chili) ;  and  other 
volcanic  peaks  of  the  Andes,  not  long  since  considered  the 
highest  moimtains  of  the  globe,  are  examples  of  the  vast 
elevation  occasionally  attained  by  accumulations  of  erupted 
matters. 

It  is  true  that  the  circumstance  of  the  Pic  de  la  Teyde, 
Chimbora90,  Aconcagua,  and  some  other  of  these  very  lofty 
volcanic  mountaios,  not  having  for  centuries  exhibited  erup- 
tions from  their  summits,  may  appear  at  first  sight  to  show 
that  when  the  mountain  has  acquired  an  extreme  height  it 
becomes  unable  to  resist  the  pressure  of  so  enormous  a  column 
of  lava,  which  in  consequence  finds  a  vent  at  its  side  or  foot. 
But  it  must  be  recollected  that  these  lateral  eruptions  tend 
continually  to  fortify  the  flanks  of  the  mountain  by  the  accu- 
mulation and  consolidation  of  their  products ;  it  may  be  fore- 
told, therefore,  that  should  the  internal  focus  of  these  volcanos 
continue  in  activity,  the  time  must  come  when  they  will  be 
sufficiently  propped  on  all  sides  to  be  able  to  sustain  the  press- 
ure  of  the  lava,  which  in  this  case  will  be  again,  perhaps, 
poured  forth  from  the  principal  summit. 

§  8.  The  lateral  eruptions  here  spoken  of,  proceeding  exactly 
in  the  manner  of  those  from  fresh  vents  described  above 
(Chap,  v.),  like  them  produce  a  more  or  less  regular  cone  of 
scorise,  &c.,  on  every  point  where  they  find  an  issue. 

The  slopes  of  Etna  are  loaded  with  above  700  such  parasitic 
cinder-cones,  many  of  them  of  considerable  magnitude.  Al- 
most all  possess  craters,  and  each  marks  the  source  of  a  cur- 
rent of  lava :  that  from  the  Monte  Rosso,  which  is  700  feet 
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in  height  above  its  base^  and  two  miles  in  drcumferenoe^  de« 
strojed  Catania  in  1669. 

Vesuvius  has  occasionally  produced  similar  hills :  one,  on 
which  stands  the  Camaldoli  della  Torre,  is  an  example ;  and 
eastward  of  this  point  rise  the  five  other  small  neighbouring 
cones  already  mentioned  as  thrown  up  by  the  eruption  of 
1784  at  the  base  of  the  mountain. 

Few  indeed,  if  any,  of  the  greater  volcanic  mountains  are 
unattended  by  such  minor  elevations  about  it,  like  the  satel- 
lites of  a  planet.  All,  however,  are  not  scoriae  cones ;  for  in 
some  cases,  especially  among  the  volcanos  productive  of  fel- 
spathic  lava,  the  lateral  eiBux  of  this  has  given  rise  to  lumpy 
excrescences  of  trachytic  rock  alone ;  the  explosions  that  at  the 
same  time  threw  out  fragmentary  pumice  (felspathic  scoria) 
taking  place  probably  from  the  central  vent  at  a  greater  or  less 
distance. 

This  brings  us  to  the  consideration  of  the  mode  in  which  the 
fragmentary  qecta  of  an  habitually  eruptive  volcano  tend  to 
dispose  themselves. 

§  9.  Of  the  fragmentary  matters  ejected  during  a  violent 
or  paroxysmal  eruption  from  the  central  or  principal  vent 
of  a  volcanic  mountain,  the  greater  part,  as  they  ta31  from 
the  air,  spread  themselves  mantlewise  over  its  surface  and 
slopes ;  but  the  lighter  and  more  pulverized  portion  is  borne 
away,  often  to  great  distances,  by  the  winds  prevailing  at  the 
time.  The  abundance  of  these  materials,  and  the  extent  of 
country  covered  by  them,  are  sometimes  prodigious.  By  the 
terrific  eruption  of  Coseguina,  for  example,  in  the  Qulf  of 
Fonseca  in  Central  America,  in  1835,  all  the  ground  within  a 
radius  of  twenty-five  miles  was  loaded  with  scorise  and  ash  to 
the  depth  of  10  feet  and  upwards,  houses  and  woods  being 
buried  in  them  at  that  distance;  while  the  lightest  and  finest 
ash  was  carried  by  the  winds  to  places  more  than  700  miles 
distant.  The  eruption  of  Sangay,  in  the  Cordillera  of  South 
America   (1842-48),   ejected  black  scorisB  and  ash,  which 
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covered  the  surrounding  district  to  a  distance  of  twelve 
with  beds  800  and  400  feet  ihick^  according  to  M.  Sebastian 
Wise.  On  occasion  of  the  eruption  of  Tomboro^  in  the  island 
c^  Sumbawa,  in  1815^  the  roofs  of  hou»e$  at  the  distance  of 
forty  miles  were  broken  in  hy  the  weight  of  the  ashes  that  fell 
upon  them ;  which  were^  moreover^  carried  to  a  distance  of 
800  miles  in  such  quantities  as  to  darken  the  air ;  while  the 
floating  pumice  in  the  sea  westward  of  Sumatra  formed  a  mass 
several  feet  thick  and  many  miles  in  extent^  through  which 
ships  with  difficulty  forced  their  way. 

It  may  readily  be  conceived^  therefore^  to  what  an  extent 
the  configuration  and  structure  of  the  mountain  itself,  and 
its  immediate  neighbourhood,  must  be  affected  by  the  ac- 
cumulation of  such  prodigious  quantities  of  fragmentary 
ejecta  as  in  eadi  of  these  and  similar  instances  fell  upon  and 
about  it. 

§  10.  Eltmal  torrents. — ^Their  disposition  is  often  largely  in 
fluenced  by  the  ageney  of  torrents  of  water,  which  frequently 
pour  down  the  slopes  of  the  mountain  at  moments  of  erup- 
tion; often  owing  to  violent  rains  caused  by  condensation 
of  the  volumes  of  aqueous  vapours  evolved — often,  when  the 
elevation  or  geographical  position  of  the  spot,  or  the  period  of 
the  year,  has  caused  the  heights  to  be  covered  previously 
with  snow  or  ^Utciers,  to  the  sudden  melting  of  these  by  the 
showers  of  red-hot  scorise  that  fail  on  them,  or  the  contact  of 
still  hotter  lava,  or  the  internal  heat  transmitted  through  the 
sides  of  the  moimtain. 

In  Iceland,  as  we  should  expect,  phenomena  of  the  latter 
kind  accompany  almost  every  eruption  from  its  snow-oiad 
heights,  and  constitute  by  far  the  most  destructive  feature  of 
the  fearful  volcanic  catastrophes  to  which  the  inhabitants  of 
that  sea-girt  caldron  are  exposed.  During  the  eruption  of 
Katlugaia  in  1756,  prodigious  torrents  of  water,  ice,  rocks,  and 
sand,  occasioned  by  the  melting  of  the  glaciers,  rushed  from  the 
heights  and  produced  three  parallel  promontories,  reaching 
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several  leagues  into  the  sea^  which  remain  above  its  level  in 
places  where  the  fishermen  formerly  found  forty  fatiioms  of 
water*. 

Sir  C.  Lyell  relates^  that  on  Etna  a  bed  of  soHd  ice  was 
lately  foimd  imder  a  current  of  lava.  It  is  very  conceivable 
that  a  coating  of  sand  and  scorise^  the  best  possible  non- 
conductors of  heat^  may  enable  snow  to  bear  even  a  red-hot 
stream  of  lava  over  it  without  being  melted.  It  is  probable^ 
then^  that  in  Iceland  this  circiunstance  must  have  been  often 
repeated^  and  we  might  expect  to  find  glaciers  there  alter- 
nating with  beds  of  lava  and  conglomerate.  The  transmission 
of  heat  to  such  masses  by  the  renewed  rise  of  lava  up  the 
chimney  of  the  volcano^  or  up  some  fissure  traversing  these 
intercalated  masses  of  ice^  would  be  likely  to  melt  them 
rapidly^  and  send  down  torrents  of  water  and  rocky  d^ris  to 
the  skirts  of  the  mountain.  But  probably  the  most  powerful 
of  all  such  causes  would  be  the  continual  fall  of  red-hot  scorise 
over  the  upper  surface  of  a  snow-covered  mountain. 

Such  an  aqueous  torrent  broke  forth  from  near  the  smnmit 
of  Etna  in  the  year  1755  and  swept  down  the  Val  del  Bove^ 
bearing  with  it  a  vast  amount  of  detritus.  The  inhabitants  of 
the  slopes  of  Vesuvius  designate  the  deluges  of  mud  and  ashes 
to  which  they  also  are  often  exposed  during  eruptions  by  the 
name  of  '  Lave  d^acqaa^  or  '  d%  fangoy  in  contradistinction 
to  *lave  difuoco* 

§  11.  But  there  is  another  not  unfrequent  cause  of  such 
'  eluvial  ^  debacles.  Whenever  the  pulverulent  ejections  of  a 
volcano  are  of  such  a  nature  as  to  form  a  clay  or  paste^  on 
mixture  with  water — which  is  generally  the  case  with  the  ash 
of  the  felspathic  lavas  abounding  in  aluminous  minerals — ^the 
finer  particles  carried  down  by  rain  to  the  bottom  of  a  crater 
must  form  an  impervious  coating  to  the  interior  of  the  basin^ 
and  cause  the  water  falling  from  the  clouds  to  collect  into  a 
lake.  Under  favourable  circumstances^  this  body  of  water  will 
•  Olafsoen  and  PoTelsen.     See  also  Brit  Quart  Rev.  for  April  1881. 
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increase  in  depth  and  volume  till  its  pressure  breaks  through 
one  side  of  the  cup  and  occasions  a  debacle^  which  must  carry 
down  to  the  lower  levels  and  spread  over  them  vast  volumes 
of  firagmentary  matter.  Or  the  bursting  of  such  a  lake  may 
be  brought  about  by  an  earthquake^  or  by  the  occurrence  of 
an  eruption ;  and  in  this  latter  case  the  aqueous  and  igneous 
ejections  must  become  mingled  in  extraordinary  confusion. 

§  12.  Such  '  eluvial '  eruptions^  whether  occasioned  by  the 
bursting  of  lake-basins^  or  the  sudden  melting  of  snow^  or 
other  causes^  appear  to  have  always  played  a  great  part  among 
the  phenomena  of  the  South  American  volcanos.  In  a  single 
night  of  1803^  according  to  Humboldt^  all  the  snow  on  the 
yast  volcanic  cone  of  Cotopaxi  was  melted^  and  discharged  in 
torrents  of  ashes  and  mud  into  the  Rio  Napo  and  the  Rio  de 
loB  Alaguos.  Such  torrents  of  mud^  u  e.  fine  volcanic  ash 
mixed  with  water  into  a  paste^  have  in  many  other  instances 
been  known  to  burst  from  the  sides  or  summits  of  these  stu- 
pendous volcanic  mountains,  and  carry  destruction  into  the 
valleys  and  plains  at  their  base.  In  the  province  of  Quito 
this  volcanic  mud  is  called  'moya';  and  many  fish,  especially 
a  peculiar  species,  the  Pimelodes  Cyclopum,  are  occasionally 
found  enclosed  in  it.  So  great  a  quantity  of  fish  were,  it  is 
said,  ejected  by  the  volcano  of  Imbambaru  in  1691,  that  fevers 
were  caused  in  the  neighbourhood  by  their  putrefaction.  The 
carbonaceous  matter  which  also  is  mingled  with  the  mud 
(sometimes  even  in  such  quantity  as  to  render  it  inflammable) 
proceeds  probably  from  the  algse  and  other  water-plants  that 
grew  in  the  crateral  lakes,  the  bursting  of  which  occasioned 
the  mud-debacle.  The  abundance  of  Infusoria  detected  by 
Ehrenberg  in  rocks  of  this  origin  is  to  be  explained  in  the 
same  manner,  the  volcanos  among  which  they  are  found  being 
exclusively  trachytic.  As  known  instances  of  such  occur- 
rences may  be  noted  the  mud-eruptions  of  Carguirazo  in  1698, 
of  Cotopaxi  in  1743  and  1854,  of  Tunguragua  in  1797,  of 
Nevado  de  Ruiz  in  New  Granada  in  1845,  and  of  Purac^  in 
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1848*.  The  volcanos  of  Java  likewise  eject  mud-lavas  for 
the  most  part. 

Among  the  extinct  trachytic  volcanos  of  Europe  such  phe- 
nomena have  not  been  unfirequent.  To  them  are  owing  the 
trass  of  the  Andemach  district,  of  the  Eifel,  and  Siebenge- 

birget* 

The  trees  and  plants  growing  on  the  slopes  of  a  volcano— 

indeed  whole  forests  at  times — ^are  rooted  up  and  carried  away 
by  these  exundations,  and  buried  among  the  alluvial  strata  at 
its  foot.  This  is,  no  doubt,  the  origin  of  the  fossil  wood  fre- 
quently met  with  in  such  formations.  The  Surturbrand  of 
Iceland,  which  is  interbedded  with  its  volcanic  conglomerates, 
is  by  some  thought  to  be  derived  from  drift  timber  brought 
across  the  Atlantic  by  the  Gulf-stream,  since  the  dimate  is  too 
severe  for  the  growth  of  trees  of  any  magnitude.  It  may, 
however,  be  the  remains  of  a  more  vigorous  vegetation  than 
the  present,  belonging  to  a  period  when  the  climate  was  more 
fiavourable.  The  latter  view  is  supported  by  the  abundant 
leaf-beds  occurring  in  the  Surturbrand.  It  is  to  be  hoped 
that  some  of  the  recent  Icelandic  traveUera  will  bring  back 
evidence  on  this  interesting  point. 

The  vegetable  fibre  in  these  deposits  is  occasionally  mine- 
ralized, but  not  always.  In  the  Rhine  district  it  is  invariably 
carbonized,  and  occasionally  passes  into  jet.  In  Hungary  it 
is  sometimes  silicified,  and  even  metamorphosed  into  opal. 
In  the  Mont  Dore  I  have  seen  the  tnmk  of  a  tree  enveloped 
in  tuff,  which  at  one  extremity  was  reduced  to  perfect  jet,  and 
at  the  other  retained  the  colour  and  texture  of  wood,  not  being 
in  the  least  degree  carbonized.  The  experiments  of  M.  Dau- 
br€e  throw  considerable  light  on  these  metamorphoses. 

§  13.  These  alluvial  conglomerates,  when  their  materials 
have  been  forcibly  mixed  up  with  water  in  a  muddy  mass, 

•  Comptes  Rendus,  xxil  p.  700. 

t  See  Dr.  Hibbert's  monograph  of  the  Rhine  Volcanos,  and  my  paper 
on  the  same  (Joum.  of  Sci.  1826).  See  also  Appendix,  on  Eifel  Volc^^ 
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acquire  on  desiccation  a  great  d^ree  of  solidity^  even  without 
being  cemented  (as  they  often  are)  by  ferruginous  or  other 
infiltrations.    The  fine  ashes  of  the  eruption  of  Vesuvius  of 
1822,  which  I  saw  carried  down  the  slopes  of  the  hill  by  tor- 
rents of  rain,  caked  into  a  hard  and  tough  rock,  that  required 
a  sharp  blow  firom  a  hammer  to  break  it :  evidently  the  par- 
ticles were  compacted  together  by  a  kind  of  cohesive  attrac- 
tion Uke  the '  setting  *  of  mortar  or  cement.     The  beds  of 
hardened  tuff  covering  Herculaneum  to  the  depth  of  firom  50 
to  150  feet  were,  without  doubt,  produced  in  this  manner  by 
the  eruption  of  the  year  79,  which  at  the  same  time  over- 
whehned  the  more  distant  towns  of  Pompeii  and  Stabise  with 
looser  ashes,  arranged  for  the  most  part  in  layers  as  they  fell 
firom  the  air.     It  is  probable  that  the  greater  part  of  the 
similar  tufb  which  clothe  the  outer  slopes  of  Somma  and 
encircle  its  base  were  thrown  out  by  the  same  paroxysmal 
eruption.     They  are,  as  Sir  W.  Hamilton  long  ago  remarked, 
undistinguishable  in  character  firom,  and  continuous  in  dispo- 
sition with,  those  under  which  the  Greek  cities  lie  buried. 
Even  at  the  distance  of  Naples,  the  ashes  ejected  by  this 
eruption  seem  to  have  fallen  to  the  depth  of  several  feet ;  for 
in  more  than  one  spot,  for  example  at  the  back  of  the  Studii 
in  that  town,  I  observed  beds  of  stratified  pumice  and  lapillo 
firom  8  to  12  feet  thick,  overlying  made  ground,  which  con- 
tained numerous  Roman  and  Greek  tombs  *. 

§  14.  From  some,  or  the  combination  of  all  these  causes, 
alluvial  deposits  of  firagmentary  matter  may  be  expected  to 
form  a  large  portion  of  the  bulk  of  every  volcanic  mountain, 
fiUing  up  its  hollows,  covering  its  skirts,  and  extending  to 
some  distance  firom  its  base,  often  in  alternate  beds  with 
those  of  its  lava-currents,  which,  owing  to  their  superior 
fluidity,  have  stretched  fSarthest  firom  the  central  summits. 
Such,  in  fact,  is  found  to  be  the  structure  of  mountains  of  this 
class  whenever  they  have  been  sufficiently  exposed  by  denuda- 
*  See  plate  to  Qeol,  Trans.  2nd  ser.  voL  IL  pt  3. 
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tion  to  geological  examination ;  for  example^  those  of  the 
Cantal^  Mont  Dore^  and  Mezen^  in  France^  of  Teueriffe^ 
Madeira,  Iceland,  Hungary^  and  the  Andes. 

The  violently  tumultuous  manner  in  which  many  of  these 
volcanic  conglomerates  were  deposited  has  caused  them  to 
accumulate  occasionally  in  massive  beds  of  some  hundred  feet 
in  thickness ;  while  at  other  points,  where  perhaps  the  waters 
were  embayed  in  eddies  or  pools^  the  finer  materials  have  sub- 
sided so  slowly  as  to  form  foliated  rocks^  of  which  the  laminse 
are  thinner  than  paper.  The  materials  of  some  are  loosely 
aggr^ated  like  drift  gravely  and  contain  large  boulders ;  others 
are  compacted  into  so  tough  a  rock  as  to  be  fit  for  use  as 
building-stone.  The  Peperino  of  the  Alban  Mount,  near 
Rome,  and  the  hard  tuff  of  which  Naples  is  built,  are  both 
examples  of  this  character  *.  The  tuff  of  the  Rocher  Cor- 
neille  and  other  rocks  in  the  vicinity  of  Le  Puy  is  a  '  Peperino.' 
Such  indurated  basaltic  tuffs,  wherever  they  occur,  are  in  much 
use  as  b\iilding-stone,  from  their  cutting  well  under  the  axe. 

If  the  sea  or  an  inland  lake  washes  the  base  of  a  volcanic 
mountain,  such  fragmentary  matters  as  at  its  periods  of  erup- 
tion are  borne  down  by  torrents,  or  fall  there  by  the  mere 
force  of  projection,  must  be  distributed  over  the  bottom  or 
shores  of  the  water  by  currents,  and  mixed  or  interstratified 
with  other  sedimentary  deposits.  Aft;er  the  great  eruption 
of  Tomboro  in  Java,  in  1818,  the  sea  in  the  vicinity  of  the 
island  is  described  by  eye-witnesses  as  covered  by  floating 
pumice  and  half-burnt  trunks  of  trees,  torn  of  course  firom  the 
shattered  sides  of  the  mountain,  and  launched  with  its  frag- 
ments into  the  air,  by  this  great  paroxysmal  eruption.  These 
must  have  subsided  into  beds  of  volcanic  ash  and  pumice- 
oonglomerate  at  the  bottom  of  the  sea,  intercalated  with 
others  of  vegetable  matter  f.    This  was,  without  doubt,  the 

*  '  Peperino'  is  the  name  given  by  the  Italians  to  the  tufli,  or  hardened 
conglomerate  of  basaltic  or  greystone  (leucitic)  lavas. 
t  Journal  of  Science,  vol.  i.  p.  265. 
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origin  of  the  stratified  tufib  of  the  Terra  di  Lavoro^  which 
penetrate  into  the  recesses  of  the  Apennines^  and  of  the 
similar  toflfs  of  the  Campagna  di  Roma^  both  having  been 
since  raised  from  beneath  the  sea  by  an  elevatory  action 
affecting  the  whole  western  coast  of  Italy  to  the  extent  of  more 
than  200  feet^  as  shown  in  the  cliffs  of  Sorrento.  In  Hungary, 
pumice-conglomerates  alternate  with  tertiary  limestone  strata. 
Spy  too,  in  Asia  Minor,  in  Sardinia,  in  the  Deccan,  in  New 
Zealand,  and  many  other  localities.  In  the  vicinity  of  Pont 
dn  Ch&teau  and  Veyres  in  Auvergne,  a  calcareous  volcanic 
peperino  alternates  with  limestone  strata  full  of  freshwater 
shells  ;  and  at  Monton,  as  well  as  on  Grergovia,  an  adjoining 
hill,  currents  of  basaltic  lava  are  interbedded  with  the  same 
strata,  eruptions  having  evidently  taken  place  from  the  bottom 
of  the  Miocene  freshwater  lake  in  which  much  calcareous 
matter  was  at  the  time  subsiding.  The  Euganean  Hills,  at 
the  southern  base  of  the  Yicentine  Alps,  present  a  similar 
result  of  the  intermixture  of  volcanic  ash  and  calcareous 
sediment.  At  or  near  the  points  of  eruption,  in  all  such 
cases,  the  mixture  of  the  two  substances  seems  to  have  been 
so  forcible  and  complete,  that  there  are  occasional  passages 
from  limestone  into  lava,  making  it  difficult  to  determine 
where  the  aqueous  rock  terminates  and  the  igneous  one  com- 
mences. And  occasionally  a  sort  of  segregation  of  the  two 
elementary  matters  has  taken  place,  small  rounded  scoriae 
(lapillo)  or  angular  fragnients  and  granular  nodules  of  basalt 
being  cemented  with  calcareous  spar,  which  sometimes  also 
forms  veins  in  the  igneous  rock.  Similar  calcareo-volcanic 
conglomerates,  alternating  with  trachytic  ash,  were  deposited 
in  the  same  manner  in  the  prse-carboniferous  period. 

Much  variety  in  rocks  formed  chiefly  of  eluvial  volcanic 
ash  is  necessarily  occasioned  by  the  different  mineral  characters 
of  the  lavas  from  whose  comminution  they  proceed,  and 
their  consequent  greater  or  less  tendency  to  ^  set '  or  cohere 
cither  under  water,  or  as  the  water  gradually  drained  from,  or 
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was  squeezed  out  of  them.  It  is  well  known  that  both  puzzo- 
lana  and  trass^  when  mixed  up  with  lime^  sets  readily  under 
water.  They  frequently  contain  crystals  of  augite^  leucite, 
felspar^  or  mica^  giving  them  a  porphyritic  aspect,  which, 
together  with  their  tough  cohesiveuess,  makes  it  sometimes 
very  possible  to  mistake  them  for  earthy  or  lithoidal  lava. 
Bischoff  is  of  opinion  that  these  crystals  have  always  been 
formed  in  the  wet  way  in  the  tuff  since  its  deposition.  We 
should  be  scarcely  justified  in  declaring  this  impossible;  but 
I  have  never  seen  any  crystals  in  ordinary  volcanic  conglo- 
merates of  so  delicate  a  form,  or  in  such  positions  as  to  make 
it  incredible  that  they  should  have  either  fallen  from  the  air, 
or  subsided  from  water  in  which  they  may  have  more  or  less 
tranquilly  floated,  enveloped  in  pumice  or  light  scoriae,  after 
ejection  from  a  volcanic  vent.  When  tuffs  have  been  long 
exposed  to  the  action  of  heat  by  contact  with  a  lava-dyke  or 
current,  or  from  any  other  cause,  no  doubt  such  new  crystal- 
lizations may  take  place ;  and  this  was  probably  the  origin 
of  the  rare  crystalline  minerals  of  some  of  the  'peperinos.' 
Others  were,  perhaps,  formed  of  materials  ejected  after  a  long 
baking  in  some  volcanic  focus.  The  claystone  porphyries  or 
trachytic  lavas  of  early  dates  are  accompanied  by  conglome- 
rates of  very  similar  character,  and  were  doubtless  of  similar 
eruptive  origin  *.  Some  conglomerates  buried  beneath  a  vol- 
cano may  have  been  themselves  more  or  less  altered  by  heat 
— partially  fused,  perhaps.  Hence  it  becomes  difficult  to 
distinguish  such  altered  tufk  from  ordinary  lavas.  For  ex- 
ample, the  vitreous  trachyte  of  Ponza  has  all  the  appearance  of 
a  partially  xe-melted  pumice-conglomerate.  Enigmatical  rocks 
of  this  hybrid  character  are,  as  might  be  expected,  not  unfre- 
quent  in  all  volcanic  districts. 

The  contraction  which  conglomerates  experienced  in  the 

*  See  Professor  Ramsay  on  the  Igneous  Rocks  of  Wales  and  Scotland, 
pp.  175-190  y  Catalogue  of  Rocks  in  the  Museum  of  Practical  (Geology, 
1858. 
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pn)ce8s  of  desiccation^  combined  with  a  concretionary  action, 
has  in  many  instances  given  them  a  divisionary  structure, 
globiform,  prismatic,  even  columnar,  or  tabular,  similar  to 
that  assumed  by  lavas  which  have  consolidated  by  cooling, 
and  owing  to  the  same  cause,  t .  e.  the  escape  of  their  vehicle 
of  fluidity — in  this  case  water.  This  structure  is,  however, 
rarely  so  perfectly  developed  in  the  former  as  in  the  latter 
class  of  rocks.  When  fissures  were  formed  by  disturbance  in 
conglomerates  of  this  solid  character,  they  have  been  usually 
filled  (like  the  veins  in  mieurble)  by  exudation  of  the  finest  matter 
remaining  fluid  in  the  vicinity  of  the  crevice,  and  draining  off 
into  it.  Many  such  veins  or  dykes  are  observable  in  the 
hardened  felspathic  tuffs  of  the  Phlegrsean  fields  near  Naples. 
Mr.  Darwin  observed  similar  veins  in  the  tuff  of  the  Galapagos 
Isles. 

Sometimes  the  fissures  of  volcanic  tuffs  are  filled  with  cal- 
careous spar,  or  arragonite,  occasionaUy  with  selenite ;  not  un- 
frequently  with  opal,  calcedony,  or  quartz.  Bitumen  some- 
times oozes  from  them,  probably  derived  from  animal  or 
vegetable  matter  buried  within  them  at  the  time  of  their 
formation.  Veins  in  the  hard  tuff  of  Pont  du  Chftteau  (Au- 
vei^e)  are  lined  with  bitumen,  calcedony,  and  beautiful 
rosette-shaped  groups  of  rock-crystal. 

The  solidity  as  well  as  the  massiveness  of  these  tuffs  is, 
doubtless,  owing  to  the  violent  mixture  of  their  ingredients 
with  the  sea- water,  the  eruptions  which  produced  them  having 
evidently  bimst  out  on  a  shallow  shore.  They  contain  marine 
shells  of  recent  character.  The  Monte  Nuovo  (fig.  35) ,  the 
nucleus  of  which  is  of  this  hard  tuff,  was  actually  seen  by  eye- 
witnesses to  be  so  formed  by  an  eruption  of  mud,  i.  e.  volcanic 
ash  and  water,  tossed  up  in  repeated  jets  from  a  low  spot  on  the 
margin  of  the  sea"^.     It  will  be  readily  seen  how  such  jets 

♦  The  letter  of  Pietro  Jacobeo  di  Toledo,  printed  at  Naples  in  the  very 
year  of  the  eruption  (153S),  now  in  the  British  Museum,  says  expressly, 
'*  The  mud  (fango)  ejected  was  at  first  very  liqiiul,  tJten  less  so,  and  in  such 

n2 
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would  throw  off  on  all  sides  waves  of  muddy  Bedimeot  which 
most  accumulate  around  the  vent  into  a  bank  of  this  matter, 
in  concentric  layers,  just  as  we  see  it  in  the  Monte  Nuovo, 
Nisida,  and  other  crater-conee  of  the  Phl^nean  fields,  the 
Galapagos,  &c.,  and  be  subsequently  covered  with  mantling 
beds  of  looser  materials  of  the  same  kind — the  last  ijecta  of 
the  eruption  which  fell  in  a  dry  state  from  the  air. 
Fig.  35. 


Uonle  NuoTo  (uen  from  the  etmtvai  of  Foanoli). 

^  15.  The  accompanying  woodcut  (fig.  36)  presents  an  ideal 

Fig.  36. 


Ideal  secticin  of  a  Volcanic  Mountain  [(roduoed  bj  repeated  eniptknia. 


section  of  a  volcanic  mountain  after  one  of  its  paroxysmal 
eruptions,  which  is  BUpposcd  to  have  gutted  the  cone,  leaving 
a  great  central  crater.     The  dotted  outline  is  intended  for 

quantitje«,  that,  with  the  help  of  the  large  stonea  likewise  thrown  up,  a 
mountain  was  nised,  a  thouHuid  paces  in  height,  by  the  third  day." 
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that  of  the  rammit  prerioiul;  to  the  eraption.  It  muat  not, 
bovercT,  be  aappoaed  that  the  altematmg  beds  of  lava  and 
oonglomerate  hae  represented  can  ever  mantle  contmooiulf 
with  an^  T^^ularitf  round  the  whole  mountain.  On  the  con- 
trary, each  separate  current  occnpied  probably  bat  a  small 
segment  of  the  horizontal  circular  sectioD.  In  the  cliff-sec- 
tionB  observable  in  the  interior  of  the  craters  of  Somma  and 
VeaannB,  and  generally  of  other  volcanos,  the  beds  of  lava  are 
finmd  to  thin  out  and  terminate  before  proceeding  far  on 
other  side;  many  of  them  having  flowed  down  the  outer 
slopes  only  in  narrow  strips,  others  in  wider  currents,  but 
none  <^  them  probably  ever  reaching  far  round  the  cone.  The 
woodcut,  moreover,  represents  in  other  respects  a  greater  regu- 
larity of  stmctnre  than  is  likely  ever  to  be  met  with  in  nature; 
finr  the  multitude  of  dykes  penetrating  the  central  parts  of  such 
a  mountain,  and  the  inequalities  and  derangement  of  the  beds 
by  ihe  mutual  interference  of  lateral  cones  of  scorise  and  lava- 
Btreanu  thrown  up  at  difierent  times,  must  usually  occasion 

Pig.  37. 


Cotopaii  (17,662  feet),  lefia  from  a  duMiice  of  niiH^j  miln. 
(From  Huroboldf*  ■  Vuw.') 

far  more  confusion  in  the  arrangement  of  its  component  parts 
than  is  here  represented.  The  section  must  be  accepted 
therefore  as  only  a  su^estive  sketeh. 
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Some  Tolcanic  mountuna,  nevertheless,  possess  a  coDoidal 
lipire  of  extreme  regularity,  owing  to  the  even  and  tmiform 
emissioQ  and  accuraulation  of  the  fgections  from  and  around 
the  central  vent.  The  cone  of  Cotopaxi,  as  represented  by 
Humboldt,  is  an  example  of  this  extreme  and  beautiful  r^u- 
larity  on  the  largest  and  most  striking  scale.  Probably  few 
lavas  are  emitted  from  this  highest  peak,  but  chiefly  pumice 
and  ash,  which,  in  the  absence  of  prevailing  winds  at  that 
great  height,  would  be  showered  down  evenly  on  all  sides 
(see  flg.  37).  The  truncated  summit  is  "  a  wall-like  annular 
ridge," — the  crater-margin,  no  doubt,  though  for  the  moat  part 
filled  up  by  snow  and  recent  eruptions.  The  rugged  peaks 
seen  to  the  right  (called  the  Cabeza  del  Inca)  are  probably 
trachytie  rock,  the  remnant  of  a  lateral  outbreak  of  imper- 
Fi8.38. 


l-ic  d'OriiabB  (17,900  feet  high),  u  seen  (rom  the  Forert  of  XJ»pa. 
(From  Humboldt.) 

fectly  liquid  lava;  or,  it  may  be,  of  the  circuit  of  a  lateral 
crater.     Humboldt  gives  no  clue  to  this*. 

The  Peak  of  Orizaba  (Mexico)  is  another  striking  example 
of  the  conical  figure  in  a  volcano  of  first-clasa  magnitude 
(see  fig.  38). 

•  Koemoa,  vol  iv.,  Sabine's  TansUtion,  note  464. 
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The  Tolc&noa  of  JaTs,  which  erupt  great  quantities  of  mnd, 
t.  e.  pamice-ash  violent];  mixed  with  water,  are  equally  re- 
markable for  regularity  of  form.  Their  conical  surfaces  are, 
however,  singularly  scored,  accordiog  to  Dr.  Junghuhn,  by 
radiating  ravines,  caused  by  heavy  rains  acting  on  the  light 
and  friable  conglomerate  of  which  they  are  piincipally  com- 
poaed. 

It  must  be  observed,  however,  that  volcanoB  which  are 
formed  chiefly  by  the  continuous  welling-out  of  very  liquid 
lava-flows  from  a  central  orifice  are  sometimes  equally  regular 
in  form ;  for  example,  the  flattened  dome  of  Mauna  Loa  and 
other  mountains  in  Hawaii,  whoB&  fragmentary  ejections  are 
comparatively  insignificant. 

As  a  rule,  the  continued  adherence  of  the  eruptive  action  to 
a  single  vent  seems  to  be  the  main  cause  of  regularity  of  figure 
in  a  volcanic  mountain,  whether  the  eruptions  are  more  or  less 
explomve — so  long,  at  least,  as  no  paroxysmal  outburst  occur 
to  blow  a  great  part  of  the  whole  fabric  into  the  air  and 
disperse  its  materials  over  the  surrounding  country.  This, 
however,  is  an  event  of  not  unfrequent  occurrence;  and  the 
result  is,  as  I  have  already  indicated,  and  shall  proceed  to 
show  in  greater  detail,  the  formation  of  a  '  crater '  of  the 
largest  class. 
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CHAPTER  IX. 

ON  CRATERS  OF  VOLCANIC  MOUNTAINS. 

§  1.  In  the  case  of  simple  cinder-cones  thrown  up  by  a  single 
eruption^  notice  has  already  been  taken  of  the  cause  and  cha- 
racteristic features  of  the  crater  or  funnel-shaped  hollow  so 
often  visible  either  at  their  summit^  or  as  a  breach  in  their 
flank^  and  marking  the  eruptive  orifice.  Those  conical  moun- 
tains which  are  the  product  of  many  repeated  eruptions  from 
the  same  vent  also  exhibit  for  the  most  part  a  central  cavity 
or  principal  crater  at  or  near  their  summit.  It  is,  however, 
liable  to  frequent  changes  in  form,  and  is  occasionaUy  altcr- 
gether  absent. 

These  changes,  it  will  be  perceived  on  consideration,  are 
the  necessary  result  of  eruptions  of  unequal  violence  taking 
place  successively  from  the  same  point.  For  when,  after  any 
paroxysmal  eruption  which  has  left  a  crater  of  considerable 
dimensions,  the  activity  of  the  volcano  is  renewed  from  the 
bottom  of  this  hollow  with  only  (as  usually  happens)  a  mode- 
rate degree  of  violence,  the  fragmentary  matters  ejected  will 
all  probably  fall  within  its  circuit,  and  the  lavas  emitted  will 
accumulate  in  pools  at  its  bottom.  The  repetition  of  such 
minor  eruptions  must  in  this  way  sooner  or  later  fill  up  the 
whole  of  the  vacuity  created  by  the  last  paroxysm,  and  cause 
the  matters  thrown  up,  both  liquid  and  fragmentary,  to  find 
their  way  thenceforward  over  the  ridge  of  the  basin — which  is, 
in  fact,  obliterated. 

By  this  series  of  operations  the  crater  of  a  large  volcanic 
moimtain  becomes  replaced  by  an  irregular  plain,  possessed  of 
a  degree  of  convexity,  and  often  still  further  heightened  by 
the  parasitical  cones  and  pools  of  lava  which  the  continuance  of 
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minor  eruptions  throws  up  on  its  surface — ^until  perhaps  their 
accumulation  one  over  another  has  built  up  by  degrees  a  new 
conical  summit  on  the  spot  where  previously  yawned  a  deep 
and  wide  gulf.  In  this  state  of  things,  the  products  of  all 
minor  eruptions  for  the  most  part  mantle  round  the  outer 
slopes  of  the  cone. 

If,  after  this,  another  violent  eruptive  paroxysm  take  place, 
say  by  the  creation  of  a  deep  fissure  penetrating  into  an  in- 
tensely-heated point  of  the  volcanic  focus,  its  powerM  explo- 
sions soon  break  up  and  shatter  the  mass  of  solid  and  frag- 
mentary rocks  which  had  accumulated  within  the  interior  of 
the  ancient  crater,  and  project  their  fragments  to  a  vast  height 
into  the  air,  whence  a  part  is  strewn  over  the  outer  slopes  of 
the  mountain,  while  the  remainder,  which  fall  back  towards 
the  orifice  of  projection,  are  again  and  again  driven  forth  till 
they  are  triturated  to  the  finest  possible  degree  of  comminu- 
tion. The  duration  of  these  explosive  discharges  is  usually  for 
days,  weeks,  months,  perhaps  even  years,  as  we  observed  in 
the  sketch  given  in  an  earlier  chapter  of  the  phenomena  of  a 
paroxysmal  eruption.  The  final  result  of  the  process  is,  once 
more  to  leave  a  crater  bearing  marks  of  the  violence  with  which 
it  has  been  torn  through  the  bowels  of  the  mountain,  and  of  a 
diameter  and  depth  proportioned  to  the  energy  and  duration  of 
the  eruption. 

The  encircling  walls  of  such  a  cavity  will  be  more  or  less 
perpendicular,  and  present  sections  of  the  beds,  both  of  con- 
solidated lava  and  conglomerate,  through  which  the  aeriform 
explosions  forced  their  way.  In  process  of  time,  however, 
these  walls  will  often  crumble  in,  and  their  fragments,  forming 
a  talus  at  the  bottom,  soften  off  the  abrupt  features  of  this 
cavity  and  diminish  the  steepness  of  its  enclosure. 

The  horizontal  section  of  this  crater  of  a  volcanic  mountain, 
like  that  of  a  simple  cone,  is  usually  circular,  but  occasion- 
ally elliptical,  being  lengthened  in  the  direction  of  the  fissure 
by  the  enlargement  of  which  it  is  produced. 
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5  2.  The  phenomena  of  Vesuvius,  during  the  last  century, 
will  serve  to  exempliiy  the  series  of  changes  described  above 
as  incidental  to  the  principal  or  central  vent  of  eveiy  habitual 
volcano. 

In  the  year  1756,  Vesuvius  possessed  no  less  than  three 
cones  and  craters,  one  within  the  other,  like  a  nest  of  boxes, 
beaides  the  great  encircling  crater  and  cone  of  Somma.  Sir 
"W.  Hamilton  gives  a  drawing  of  its  appearance  in  this  state 
(fig.  89). 

Fig.3i>. 


it  of  Veauriiu  id  1 750,  shoving  cone  within  cone. 
(From  Sir  W.  Hftmilton'*  '  Cunpi  Phl^A'i.') 

By  the  beginning  of  the  year  1767,  the  continuance  of 
moderate  emptions  had  obliterated  the  inmost  cone  and  in- 
creased the  intermediate  one,  until  it  very  nearly  filled  the 
principal  crater  (fig.  40).  An  eruption  in  October  of  1767 
completed  the  process,  and  re-formed  the  single  cone  into  one 
continuous  slope  all  round,  irom  the  highest  point  of  its  trun- 
cated, but  solid  summit,  downwards. 

An  interval  of  comparative  tranquillity  followed,  until,  in 
1794,  the  paroxysmal  eruption  occurred,  described  by  Breislak, 
which  completely  gutted  this  solid  cone,  lowered  its  h«ght, 
and  left  a  crater  of  great  size  bored  through  its  axis.  Later 
eruptions,  especially  that  of  1813,  not  merely  filled  up  this 
vast  cavity  with  their  products,  but  once  more  raised  the 
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beaght  of  the  cone  by  some  hundred  feet.  When  I  first  saw 
it  in  1818,  the  top  formed  a  rudely  convex  platform,  rising 
towards  the  south,  where  was  its  highest  point.  Several 
small  cones  and  craters  of  eruption  were  in  quiet  activity  upon 

Fg  40 


Summit  of  Vemiviiu  in  17f)7.  (After  Sir  W.  Hamilton.) 
this  plain,  and  streams  of  lava  trickled  &om  them  down  the 
outer  slopes  of  the  cone.  So  things  went  oo  until  October 
1822,  when  the  entire  heart  of  the  cone  was  again  thrown  out 
by  the  formidable  explosions  I  have  so  often  referred  to,  and 
a  vast  crater  was  opened  through  it,  while  the  cone  itself  was 
found  to  have  lost  several  himdred  feet  from  its  top.  In  feet, 
nothing  but  an  outer  shell  of  it  was  left  (fig.  41).  Eruptions, 
however,  soon  recommenced.  In  1826-7  a  small  cone  was 
formed  at  the  bottom  of  the  crater,  and,  continuing  in  activity, 
had  reached  a  height  which  rendered  it  visible  from  Naples  in 
1839,  when  of  course  it  must  have  nearly  filled  up  the  crater. 
In  1830  it  was  200  feet  higher  than  the  crater's  rim ;  and  in 
1831  this  cavity  was  completely  filled,  and  the  lava-streams 
began  to  flow  over  it  down  the  outer  cone.  In  the  winter  of 
that  year  a  violent  eruption  once  more  emptied  the  bowels  of 
the  mountain,  and  left  a  new  (prater,  which  soon  began  to  fill 
again  from  ejections  upon  its  floor;  and  by  the  month  of 
August  1834  this  crater  had  been  in  its  turn  obliterated,  and 
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lava  OTerflowed  its  edge  towards  Ottaiano.     In  1839  the  cone 
was  again  cleared  out,  and  a  new  crater  appeared  in  the  shape 


Cralcr  of  TeniTiiu,  a  mile  wide,  after  tlie  emptionof  Odober  1822. 

of  a  vast  funnel,  accessible  to  its  bottom,  which  for  a  few 

years  then  remuned  in  a  tranquil' state.     In  1841,  however, 

Fig.  42. 


ET  of  Vcfutiu*  in  1843. 


a  small  cone  hegan  to  form  within  it ;  a  little  later,  two,  and 
then  three  such  cones  were  in  activity  together  there,  sur- 
rounded hy  a  pool  of  lava  (fig.  42).  These  erupted  mattera 
accumulated  so  rapidly,  that  in  1846  the  top  of  the  interior 
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cone  was  visible  from  Naples  above  the  brim  of  the  great 
crater,  which  soon  after  was  completely  filled.  And  the  prin- 
cipal cone  from  that  time  went  on  increasing  in  bulk  and 
height  from  the  effect  of  minor  eruptions^  until  in  1850  one  of 
a  violently  explosive  character  opened  two  deep  craters  on  its 
summit,  of  which  I  have  already  spoken.  The  more  recent 
eruption  of  May  1855,  being  confined  chiefly  to  a  prodigious 
efflux  of  lava  troxa  the  outer  side  of  the  cone,  unaccompanied 
by  any  extraordinary  explosive  bursts  from  the  summit,  has 
not  altered  materially  the  form  impressed  upon  it  in  1850. 
The  two  craters  are,  however,  now,  or  were  lately  (in  1860), 
represented  by  two  cones,  each  with  but  a  slight  depression  on 
its  smnmit.  And  a  third  has  since  been  formed  at  a  short 
distance  towards  the  east. 

It  is  thus  seen  that  within  the  last  100  years  the  cone  of 
Vesuvius  has  been  five  several  times  gutted  by  explosive  erup- 
tions of  a  paroxysmal  character,  viz.  in  1794,  1822,  1831, 
1839^  and  1850 ;  and  its  central  craters  formed  in  this  manner 
as  often  gradually  refilled  with  matter,  to  be  again  iu  due 
time  blown  into  the  air.  Meanwhile  what  remains  of  the  old 
external  crater  of  Somma  is  itself  becoming  choked  up  by  tlic 
accumulation  of  all  the  lava-streams  and  fragmentary  matter 
that  are  expelled  towards  the  northern  and  outer  side  of  tlic 
cone,  which  is  also  growing  in  bulk  all  round.  It  would  be, 
therefore,  in  exact  accordance  with  the  habit  of  this  volcano 
(as  of  volcanic  mountains  in  general),  if  at  length  the  '  Atrio  ^ 
should  be  completely  filled  up,  the  two  cones  combined  into 
one,  of  increased  height  and  bulk,  and  ultimately,  perhaps, 
the  entire  conjoint  mountain  should  be  blown  up  by  a  more 
than  ordinarily  violent  paroxysm,  and  the  crater  of  Somma 
re-formed. 

The  history  of  Etna,  could  we  obtain  as  clear  a  record  of 
it  through  a  period  of  some  centuries  back,  would,  no  doubt, 
present  a  similar  series  of  changes.  Indeed,  it  is  impossible 
to  look  at  its  present  outline  from  any  side  without  recognizing 
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the  fact  that  the  circular  mai^in  of  the  flattbh  platform  upon 
Thich  the  upper  cone  rests  marks  the  edge  of  an  ancient  crater 
of  vast  size,  formed  by  the  truncation  of  the  mountain,  when 
it  roee  in  a  cone  of  far  greater  height,  by  a  paroxysmal  erup- 
tion ;  whidi  crater,  since  its  formation,  has  been  filled  up  to  the 
brink,  and  moreover  loaded  with  the  materials  that  compose 
the  existing  higher  cone  and  enclose  its  present  active  mouth. 
(See  figs.  43  &  44.) 

Fig.43. 


View  orthe  trunetdedconflof  Etnii(Uoi]gibeUo),oottted  with  t&Tft-atreami,  upon 
which  real  the  actual  upper  cone  and  crater.    (After  8.  deWBlterahaiuen.) 


Outline  of  Etas,  m  teen  from  Catanw. 
(From  Hdm.  Soc  Oio\.  de  France,  toL  it.  pL  2.) 

This  modem  crater  itself  offers  a  similar  example  on  a 
smaller  scale.  The  process  of  refilling  had  abready  made  con- 
siderable pn^resB  within  it  at  the  time  I  saw  it  in  1820,  a 
small  parasitical  cone  being  then  in  full  activity  at  its  bottom, 
whence  frequent  jets  of  scorite  tended  materially  to  lessen  the 
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depth  of  the  cavity.  Since  that  time  it  has  been  more  than 
once  reopened  and  refilled  by  the  explosions  of  successive 
emptions^  some  of  which  were  of  great  violence.  And  the 
cone  itself  is  meantime  growing  in  bnlk^  from  both  inward 
accretion  and  outward  accumulation. 

§  8.  It  is  evident  then^  that^  besides  the  operation  of  time 
and  external  forces  in  damaging  or  totally  destroying  the 
figure  of  craters^  there  exists  in  the  volcanic  phenomena  them- 
selves a  tendency  to  obliterate  their  forms — a  series  of  causes 
alternately  scooping  out  the  interior  of  a  volcanic  mountain^ 
and  gradually  filling  up  again  the  cavity  thus  produced. 
Hundreds  of  eruptions  may  take  place  fix)m  its  bottom  before 
such  a  great  central  crater  has  been  filled  up  to  the  brim. 
When,  however,  this  has  been  effected,  the  summit  of  the 
mountain  exhibits  a  plain,  perhaps  rising  in  the  middle  to  a 
dome,  or  with  one  or  more  minor  cones  upon  it,  as  in  the 
instances  just  described  of  Etna  and  Vesuvius. 

It  is  the  truncation  of  a  volcanic  cone,  by  the  blowing  off 
of  its  apex  and  the  excavation  of  a  crater,  which  gives  to  moun- 
tains of  this  character  the  saddle-shaped  or  homed  profile  they 
so  generally  exhibit  when  seen  from  a  distance  (see  fig.  45) ;  and. 

Fig.  45. 


Characteristic  profiles  of  Tolcanic  cones. 

for  the  reasons  given  above,  it  is  always  uncertain  whether, 
on  reaching  the  summit  of  such  an  eminence,  a  crater  may 
be  found,  more  or  less  deep,  with  a  minor  cone  perhaps  at 
the  bottom,  or  a  plain,  studded  with  smaller  eruptive  cones. 
These  latter  are  similarly  truncated,  but  in  their  case  the  apex 
has  never  been  completed. 

According  to  Professor  Junghuhn,  a  singular  external  figure 
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is  exhibited  by  many  of  the  numerous  volcanic  mountains  of 
Java^  where  the  erosive  action  of  the  tropical  rains,  to  which 
their  conical  surfaces  (composed  partly  of  mud-ejections, 
partly  of  loose  pumice-ash)  are  exposed,  has  scored  them  all 
round  with  ravines  and  alternate  ridges,  radiating  with  ex- 
treme regularity  from  the  central  heights  like  the  sticks  of  an 
umbrella.  When  the  mountain  has  no  crater,  or  only  a  small 
one,  these  ravines,  in  the  manner  of  all  rain-formed  gutters, 
widen  and  deepen  downwards,  and  run  out  to  nothing  towards 
the  summit  of  the  mountain.  But  when  this  summit  has  been 
blown  off  by  a  paroxysmal  eruption,  and  a  great  central  crater 
has  taken  its  place,  the  upper  extremities  of  the  ravines,  where 
they  are  cut  off  by  the  explosions,  form  so  many  notches  of 
wonderful  regularity  in  the  rim  of  the  crater.  Though  not 
equally  regular,  gaps  having  this  origin  will  be  found  in  the 
encircling  rim  of  many  or  most  of  such  great  craters.  They 
are  to  be  seen  in  the  crater-ring  of  Teneriffe,  of  Palma,  of  Etna 
(the  Val  del  Bove  *),  &c.  The  deepest  of  them  will  often  have 
become  the  drainage«channel  of  the  interior  cavity,  and  been 
consequently  much  enlarged  in  its  dimensions. 

§  4.  The  eruptions  of  a  volcanic  mountain,  or  habitual 
vent  of  volcanic  energy,  taking  place  at  intervals  from  the 
same  point,  the  craters  will  oft;en  be  formed  concentrically  one 
within  the  other.  The  successive  craters  of  Vesuvius  have 
been  always  exactly  concentric  with  one  another  and  with  the 
external  semi-crater  of  Sonmia.  (See  the  vignette  in  p.  183.) 
Some  deviation  from  this  exactness  may  be  expected  to  take 
place  at  times,  through  the  effectual  sealing  up  of  the  earlier 
orifice,  and  the  opening  of  a  later  one  upon  another  point  of 
the  eruptive  fissure.  Thus  in  Volcano,  one  of  the  Lipari  Isles, 
a  cone  with  a  crater  rises  within  the  circuit  of  a  larger  crater, 
but  not  quite  concentrically.  A  still  later  eruption  has  de- 
viated a  little  from  that  vent,  and  thrown  up  another  cone 
with  its  crater  (Volcanello)  in  close  proximity  to  the  base  of 
*  See  Lyell's  Memoir  on  Mount  Etna,  Phil.  Trans.  1858,  p.  63. 
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the  preceding  one,  bat  s  little  farther  away  on  the  s&me  line. 
(Seefigs.46ft47.) 


Tieir  of  Tolono  and  Volcuiello,  Lipvi  Ulet. 
Fig-  47 


PUn  of  Volfuio  and  rulcane  Ii> 

I  shall  presently  adduce  other  examples  of  this  very  com- 
mon and  characteristic  feature  of  habitually  emptiTe  volcanoe. 

Geologists  have  sometimes  seemed  to  overiook  the  fact,  that 
the  changes  I  have  described  abore  are  <tf  necessity  con- 
tinnally  occurring  in  the  figure  of  sncb  moantains,  and  have 
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expected  to  find  in  every  one  a  central  crater,  whereas  the 
obliteration  of  these  hollows  by  subsequent  eruptions  is  as 
regular  a  result  of  the  normal  phenomena  as  their  formation. 
Craters  also  have  been  spoken  of  as  if  they  were  always  con- 
nected with  lava-streams ;  these,  however,  are  often  emitted 
from  points  at  some  distance  from  the  orifice  whence  the 
explosions  proceed  which  produce  the  crater. 

It  should  also  be  observed,  that  the  explosions  by  which  a 
crater  is  hollowed  out  from  the  centre  of  a  volcanic  moun- 
tain are  often  immediately  preceded  by  the  flow  of  lava  in  a 
liquid  form  from  its  summit.  This  consideration  should  have 
guarded  Dolomieu  from  supposing  that  the  large  crater  of 
Volcano  (one  of  the  Lipari  Isles)  must  have  been  filled  to  the 
brim  with  liquid  glass  before  the  small  current  of  obsidian 
which  flowed  from  its  summit  in  1786  could  have  been  pro- 
duced. The  emission  of  this  lava  was  here,  as  in  every  similar 
case  in  which  the  abrupt  edge  of  a  lava-stream  overhangs 
a  crater,  antecedent  to  the  excavation  of  the  cavitv.  As 
one  example  I  may  instance  the  Solfatara  of  Pozzuoli,  which 
crater  was  formed,  of  course,  (rfter  the  emission  of  the  lava-  - 
current  of  Olibano,  and  of  a  more  recent  and  smaller  current, 
which,  with  the  crater,  probably  dates  from  the  year  1198, 
when  an  eruption  is  recorded  from  this  spot. 

§  5.  The  dimensions  of  the  hoUow  formed  in  the  manner 
above  described  will  be  determined  by  the  violence  and  dura- 
tion of  the  eruption,  and  the  more  or  less  yielding  nature  of 
the  walls  of  the  eruptive  fissure.  Probably  the  first  two  con- 
ditions will  depend  much  on  the  depth  and  temperature  of  the 
focus  whence  the  effort  proceeds.  When  these  circumstances 
are  favourable  to  an  extreme  result,  flashing  explosions  of 
vapour  rapidly  enlarge  the  crevice  that  communicates  with  the 
intensely  heated  lava  below,  and  not  only  break  up  and  drive 
into  the  air  the  matters  which  have  during  a  long  previous 
period  accumulated  in  the  old  crater  and  obstructed  this 
habitual  vent  of  the  volcano,  but  even  tear  their  way  through. 
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and  destroy,  the  greater  part  of  the  yolcanic  mountain  itself, 
leaving  in  its  place  a  wide  cavity  encircled  by  the  ruins  of  the 
shattered  cone.  Examples  of  such  an  occurrence  have  been 
observed  in  recent  times.  Such  a  catastrophe  destroyed,  in 
the  year  1638,  a  colossal  cone  called  the  Peak,  in  the  Isle 
of  Timor,  one  of  the  Moluccas.  The  whole  mountain,  which 
was  before  this  continually  active,  and  so  high  that  its  light 
was  visible,  it  is  said,  three  hundred  miles  off,  was  blown  up 
and  replaced  by  a  concavity  now  containing  a  lake. 

The  Isle  of  Sorca,  another  of  the  Moluccas,  disappeared 
entirely  in  a  similar  manner  during  a  violent  paroxysmal 
eruption  in  1693. 

Again,  according  to  M.  Moreau  de  Jonnes,  in  1718,  on  the 
6-7  March,  at  St.  Vincent^s,  one  of  the  Leeward  Isles,  the 
shock  of  a  terrific  earthquake  was  felt,  and  clouds  of  ashes 
were  driven  into  the  air  with  violent  detonations  from  a 
mountain  situated  at  the  eastern  end  of  the  island.  When 
the  eruption  had  ceased,  it  was  found  that  the  whole  moun- 
tain had  disappeared,  A  hurricane  accompanied,  and  pos- 
sibly may  have  been  one  of  the  concurrent  determining  causes 
of  this  catastrophe. 

In  the  figure  and  structure  of  many  volcanos,  active  or 
extinct,  we  may  observe  proofs  of  such  a  paroxysm  having  not 
unfrequently  taken  place.  Such  I  believe  to  be  the  origin  of 
all  those  circular  or  elliptical  cliff-ranges  which  are  so  often 
observed  around  an  active  or  recently  active  volcano.  They 
are  generally  breached  at  one  or  more  points — sometimes 
indeed  reduced,  by  time  and  the  action  of  aqueous  or  other 
degrading  causes,  to  mere  fragments  of  the  original  circuit — 
the  roots  or  '  basal  wreck '  of  the  exploded  mountain. 

Explosive  eruptions  of  this  extreme  violence  are  naturally 
to  be  expected  to  characterize  the  return  of  a  volcano  to  a 
condition  of  external  activity  after  a  long  period  of  apparent 
repose  occasioned  by  the  sustained  predominance  of  the  re- 
pressive forces.     Such  an  outburst  seems  to  have  taken  place 

o2 


196  EKCIBCLINQ  CRATBB-CLIPFS : 

in  the  great  eruption  of  Vesuvius,  a.d.  79,  by  which  half  of 
the  old  cone  of  the  pre-existing  mountain  was  blown  into  the 
air,  and  buried  Herculaneum,  Pompeii,  and  Stabiai  under  its 
triturated  ruins.  The  remaining  half  of  the  cone  exists  in  tlie 
Monte  Somma;  and  there  can  be  little  doubt  that  the  modem 
cone  of  VeauviuB  ia  of  a  date  posterior  to  that  eruption.  (See 

fig.  4?.) 

Fig.  48. 
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of  Somnia,  ae  wen  from  Sorrento. 


The  still  active  Tolcano  of  the  Isle  of  Bourbon  presents  a 
remarkable  analogy  of  situation  to  Vesuvius,  rising  in  a  similar 
manner  to  the  height  of  7500  feet,  irom  the  centre  of  a  vast 
semicircular  enclosure  formed  by  precipitous  cliflFs,  which 
consist,  like  those  of  Somraa,  of  alternate  beds  of  greystone 
lava  and  conglomerate,  whose  inclination  and  direction  prove 
Fig.  48. 


The  TolcBno  of  Bourbon,  arnrlj  encinlei]  by  the  clidi  oi 
(From  Bory  de  St.  Tineent) 


them  to  have  been  produced  by  a  volcanic  vent,  nearly  in  the 
same  position  as  the  present  one.   (See  figs.  49  &  50.)     In  this 
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case,  u  well  aa  that  of  Vesuvius,  the  appearsnccs  arc  ooly  to 
be  explained  by  snppoBing  half  of  the  cooe  of  a  vast  ancient 
volcano  existing  on  the  spot  to  have  been  blown  up  by  a 
paroxysmal  eruption  of  the  nature  of  those  described  above. 
This  oatbreak  seems  to  have  been  foUored  by  the  lengthened 
phase  of  moderate  and  prolonged  activity  which  has  charac- 
terized the  volcano  from  the  period  at  which  the  island  was 
first  colouieed  up  to  the  present  time. 


Tokano  of  Bourbon,  aa  nen  tiatn  the  K.E 
Vig.&l. 


&oin  the  edge  of  the  Buiroundiiig  oi 


Many   other  volcanoa  present  siinilar  features.     In    the 
island  of  Teneriffc,  a  semicircular  wall  of  precipitous  rocks, 
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2000  f^et  in  height  on  some  points,  and  eight  miles  in  its 
longest  diameter,  encloses  vithin  its  limits  both  the  cone  of 
the  Peak  and  that  of  Chahorra,  almost  the  rival  of  the  former 
in  magnitude,  and  from  which  alone  eruptions  have  been 
known  to  occur  since  the  island  has  been  inhabited.     This 


i-  Si 


Flan  of  tbe  Peak  of  TeDerifTe  and  Chabom,  with  tLe  endrcling  oliff-ronge. 
(From  Profewor  Fiazd  SniTtli.) 

enclosm^  is  evidently  a  vast  crater,  formed  at  some  distant 
epoch,  when  a  volcanic  mountain,  probably  csceeding  the 
Peak  in  height,  and  the  two  existing  cones  together  in  bulk, 
vas  blown  into  the  air  by  an  intense  eruptive  paroxysm.  (See 
fig.  52.) 
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The  volcano  of  Pichincha  in  Mexico  has  a  double  elliptical 
crater  of  this  character^  spoken  of  by  Humboldt  as  14W  yards 
in  its  shortest  diameter,  and  between  three  and  four  thousand 
feet  in  depth.  Its  inner  sides  consist  of  tremendous  precipices. 
Many  parasitical  cones  are  observed  at  its  bottom,  one  of 
which  at  least  is  usually  in  activity,  the  red-hot  scoriae  pro- 
jected firom  it  being  visible  at  night.  This  crater  was  probably 
produced  by  the  great  eruption  of  1660,  which  is  said  to  have 
launched  into  the  air  blocks  of  twelve  feet  in  diameter,  that 
fell  at  a  distance  of  eighteen  miles  (!),  and  which  involved 
doito  in  thick  darkness  by  the  falling  ashes  for  days  together. 

The  crater  of  Bromo  in  Java  is  described  by  Professor  Jukes 
as  encircled  by  a  precipitous  wall  a  thousand  feet  in  height. 
It  is  four  or  five  miles  in  diameter.  Prom  the  centre  rises  a 
conical  mound  six  or  eight  himdred  feet  high,  deeply  furrowed 
on  all  sides,  and  having  a  number  of  subordinate  cones  and 
craters,  as  it  were,  growing  out  of  it.  One  of  these  was 
belching  forth  much  smoke  and  steam  with  a  rumbling  noise 
at  the  time  of  the  Professor's  visit*.  Many  other  of  the 
Javanese  volcanos,  according  to  Professor  Jungliuhn,  rise 
''within  circular  old  crater-walls"  of  equally  vast  dimensions. 

Barren  Island,  in  the  Bay  of  Bengal,  east  of  the  Andaman 
Isles,  is  another  example  (fig.  53). 

Fig.  53. 


r^^ 


Barren  Island,  in  the  Bay  of  Bengal. 

This  permanently  active  volcano  is  a  cone  about  4000  feet 
high,  rising  in  the  centre  of  a  circular  cliff-range,  which 
entirely  surrounds  it  except  at  one  point  where  the  sea  has 

*  Jukes's  Manual,  p.  291. 
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broken  in.     The  great  crater,  of  which  we  have  not  the  exact^ 
measurement,  must  be  certainly  several  miles  in  diameter, 
and  was,  no  doubt,  produced  by  a  paroxysmal  eruption  blow- 
ing off  the  simimit  of  a  colossal  cone. 

The  Pic  de  Fogo,  one  of  the  Cape  Verde  Isles,  a  perma- 
nently active  volcano,  rises,  like  those  of  Barren  Island  and 
Bourbon  described  above,  7000  feet  above  the  sea,  fix)m  within 
a  semicircular  crater-range  of  basaltic  rocks  3000  to  5000  feet 
in  height,  and  has  numerous  parasitic  cinder-cones  upon  its 
flanks,  two  of  which  were  thrown  up  by  eruptions  in  1785 
and  1799.  Many  other  examples  might  be  quoted,  such  as 
Antuco  in  Chili,  and  Irasu  in  Costa  Rica,  of  volcanic  cones 
stiU  in  activity,  that  rise  firom  the  centre  of  external  crater- 
rings  of  vast  dimensions. 

Among  the  remains  of  extinct,  or  perhaps  only  dormant 
volcanos,  such  instances  are  still  more  numerous,  and  in  many 
cases  equally  striking  for  the  magnitude  of  the  area  of  the 
encircling  crater-walls.  Santorini,  with  its  adjoining  islets, 
in  the  Grecian  Archipelago,  is  often  adduced  as  one  of  these. 
I  give  a  section  of  the  group  of  Santorini  (fig.  54),  passing  in 
a  N.E.  and  S.W.  direction  firom  Thera  through  the  Kaimenis 
to  Aspronisi.     The  dotted  line  is  intended  to  represent  the 

Fig.  54. 
AtpronisL  Thera. 


fl,  bj  c.  Soa-linc. 

probable  outline  of  the  volcano  before  the  paroxysmal  eruption 
to  which  I  ascribe  the  production  of  the  crater-basin.  The 
Kaimeni  Islands,  which  now  rise  fix)m  its  centre,  are  the  pro- 
duct of  recent  eruptions  (two  of  them  of  known  dates,  1707 
and  1753),  and  have  craters.  The  three  others  arc  partially 
submerged  cones  of  scoriae  and  lava,  also  of  recent  origin. 
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All  rise  upon  the  same  line  of  fissure^  and  correspond  very 
dosdy^  except  in  size^  to  the  three  cones  formed  within  the 
crater  of  Vesuvius  in  1843^  of  which  a  sketch  has  been  given 
in  fig.  42,  p.  188. 

The  island  of  Nisyros,  in  the  same  Archipelago,  has  a 
central  nearly  circular  crater,  three  miles  in  its  longest  dia- 
meter, its  rim  being  from  2000  to  2300  feet  above  the  sea, 
which  must  have  also  resulted  from  a  paroxysmal  series  of 
explosions.  The  bottom  is  still  in  the  state  of  a  sc^atara. 
The  outer  surface  of  the  island  is  covered  with  deep  beds  of 
pumice-ash,  no  doubt  the  triturated  firagments  of  the  moun- 
tain top  which  once  filled  this  gulf.  The  Caldera  of  Palma, 
upon  which  much  has  been  written  of  late  years,  is  a  crater 
of  this  character,  formed,  I  have  no  doubt,  by  a  paroxysmal 
explosive  eruption'^;  though  Yon  Buch  presented  it  as  a  type 
of  his  imaginary  '  elevation-craters,^  and  the  occurrence  of  a 
central  core  of  trachytic  lava-rocks  beneath  the  principal  mass 
of  basaltic  currents  and  their  conglomerates  is  supposed  by 
Dr.  Daubeny  to  give  some  colour  to  this  theory.  Sir  C. 
Lyell,  in  his  elaborate  and  careful  examination  of  this  ques- 
tion, decided  it  against  the  upheavaiists ;  but  seems  inclined 
to  ascribe  too  lai^e  a  share  of  the  excavation  of  the  Caldera, 
in  my  opinion,  to  the  erosive  agency  of  the  sea-waves,  which 
there  is  no  reason  to  suppose  ever  entered  its  enclosure.  ^The 
Barranco  will  be  considered  presently.  The  island  of  St.  Miguel, 
another  of  the  Canaries,  possesses  a  '  Caldera '  of  equally 
colossal  proportions,  which  was  formed  by  a  tremendous  erup- 
tion in  1444,  recorded  by  Cabral.  The  admirable  maps  of 
Captain  Vidal,  published  by  the  Admiralty,  give  an  excellent 
notion  of  the  configuration  of  the  several  great  craters  of  this 
group  of  volcanic  islands.  I  have  already  noticed  that  of 
Teneriflfe. 

The  structure  of  the  island  of  Madeira  resembles  that  of 
Palma,  having  also  a  central  circular  range  of  peaks,  from 

*  See  Sir  C.  LyeU's  Manual,  edit.  1805,  p.  409. 
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whicli  alternating  beds  of  volcanic  conglomerate  and  lava- 
rock  slope  on  every  side  with  a  gentle  inclination  towards  the 
sea.  The  interior  basin^  called  the  Curral,  is  unquestionably 
an  ancient  crater^  of  vast  horizontal  area^  but  of  no  great 
depths  having  seemingly  been  almost  filled  up  since  its  forma- 
tion by  the  products  of  later  eruptions,  as  many  recent-look- 
ing cones  and  modem  lavas  are  found  within  it  *. 

The  island  of  St.  Helena  is  described  by  Mr.  Darwin  as  a 
trachytic  volcano  encircled  by  a  broken  ring  of  basalt,  the 
area  of  which  measures  eight  miles  by  four.  The  internal 
diff-faces  are  nearly  perpendicular,  except  that  they  have  in 
some  places  a  flat  projecting  shelf  or  ledge  cut  down  in  par- 
allel curves.  The  outer  sides  (as  in  all  similar  examples)  have 
a  moderate  slope,  to  which  their  component  beds  of  conglo- 
merate and  lava-rock  accurately  conform. 

The  island  of  the  Mauritius  has  a  similar  great  encircling 
crater-ring  of  an  oval  figure,  measuring  no  less  than  thirteen 
miles  in  its  shortest  diameter !  Mr.  Darwin  describes  that 
of  St.  Jago,  one  of  the  Cape  de  Verde  Isles,  as  almost  iden- 
tical with  this  in  form,  structure,  and  composition.  In  both, 
he  says,  ^'  the  mountains  composing  the  external  ring  appear 

to  have  originally  formed  parts  of  one  continuous  mass 

At  both,  vast  streams  of  more  recent  basaltic  lava  have  flowed 
fix)m  the  internal  basin  through  openings  in  the  surroimding 
hills  :  at  both,  recent  cones  of  eruption  are  scattered  round  the 
circumference  of  the  island, — ^none  of  them,  however,  known 

to  have  been   eruptive  within  the  historical  period 

Both,''  he  says,  '^  resemble  the  basal  and  disturbed  remnants 
of  two  gigantic  volcanos,  and  owe  their  present  form,  struc- 
ture, and  position  to  the  action  of  similar  causes  f." 

§  6.  The  horizontal  dimensions  of  some  of  these  ancient 
external  crater-rings  are  so  vast — attaining,  as  has  been  seen, 
five,  ten,  or  even  more  miles  in  diameter — as  to  suggest  doubts 
in  many  minds  of  the  possibility  of  their  having  originated  in 

•  See  Ly ell's  Manual,  1855,  p.  618.  t  Volcanic  Islands,  p.  81. 
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the  manner  described  above^  namely  by  outbursts  of  vapour 
exploding  continuously  for  more  or  less  time  from  a  body  of 
subterranean  lava  in  ebullition ;  since  in  each  such  case^  how- 
ever large  the  area  of  the  crateriform  cavity^  we  must  suppose 
the  dimensions  of  the  spherical  volumes  of  vapour^  to  whose 
violent  lateral  expansion  as  they  rose  upward^  or^  rather^  as 
they  exploded  from  the  lava-surface^  the  excavation  of  these 
areas  is  attributed^  to  have  been  equally  enormous. 

If,  however,  we  reflect  on  the  circumstances  under  which 
these  volumes  of  vapour  were  developed, — perhaps  at  a  con- 
siderable depth  below  the  mountain,  in  the  interior  of  a  mass 
of  molten  rock  whose  temperature  probably  far  exceeded  that 
of  white  heat,  and  under  an  almost  incalculable  amount  of 
pressure, — it  seems  difficult  to  imagine  any  limit  to  their 
tension,  and  consequently  to  the  explosive  force  with  which,  on 
reaching  the  open  vent  of  the  volcano,  they  will  have  flashed 
into  freedom.  The  successive  explosions  of  quantities  of  gun- 
powder, or  the  flashes  of  steam  from  the  mouth  of  a  Perkinses 
steam-cannon  (multiplied  many -fold),  convey  probably  but  a 
very  inadequate  idea  of  their  tremendous  force. 

Moreover  it  seems  impossible  to  draw  any  line  of  separa- 
tion between  moderate-sized  craters  (say,  for  instance,  of  a 
mile  in  diameter,  like  that  of  Vesuvius  formed  in  1822,  the 
origin  of  which  is  incontestably  that  here  described,  since  it 
was  so  formed  before  my  eyes,  and  those  of  MM.  Monticelli, 
Covclli,  and  many  other  competent  witnesses)  and  craters  of 
greater  magnitude — five,  ten,  or  even  twenty  times  as  large — 
whose  formation  in  this  manner  may  at  first  appear  pro- 
blematical, since  there  are  numerous  examples  of  every  in- 
termediate size,  undistinguishable  from  the  first  in  form, 
structure,  composition,  and  every  other  character  except  hori- 
zontal area. 

Again,  in  the  case  of  concentric  craters,  the  correspondence 
of  the  smaller  internal  with  the  larger  external  annular  one, 
as  well  in  figure  as  in  the  disposition  and  structure  of  the 


204  AMOUNT  OP  FRAGMENTARY  EJECTA 

environing  rocks^  is  usually  so  complete  as  to  prove  con- 
clusively their  identity  of  origin.  When,  immediately  after 
the  so  often  mentioned  Vesuvian  eruption  of  1822,  I  stood 
on  the  acute  ridge  of  the  prodigious  crater  that  had  been 
drilled  through  the  solid  axis  of  the  cone  by  the  gaseous  ex- 
plosions of  the  previous  twenty  days,  and  marked  the  exact 
resemblance  of  its  internal  cliff-sections  in  structure,  in  com- 
position, and  in  sweeping  curve,  to  those  of  the  half-encircling 
crater  of  Somma  (the  Atrio),  which  were  within  my  view  at 
the  same  moment,  I  found  it  impossible  to  doubt  that  both 
the  inner  and  outer  concentric  craters  (no  less  than  the  re- 
spective cones)  owed  their  origin  to  similar  developments  of 
eruptive  violence,  notwithstanding  their  different  dimensions, 
the  one  being  perhaps  four  times  the  diameter  of  the  other. 

But,  in  fact,  the  prodigious  amount  of  fragmentary  matter 
which  the  paroxysmal  eruptions  of  some  volcanos  have  ejected 
in  known  instances  within  a  few  years  past — such  as  those 
of  Tomboro  and  Coseguina,  already  mentioned  (p.  170) — an 
amount  of  matter  which  has  been  calculated  in  either  case  as 
equalling  three  or  four  times  the  bulk  of  Mont  Blanc — would 
alone  lead  us  to  expect  the  production  of  cavities  of  corre- 
sponding magnitude  in  the  mountains  eviscerated  by  those 
terrific  and  long-continued  explosive  discharges.  I  have  else- 
where *  remarked  upon  the  comparatively  small  quantity  of 
fragmentary  matter  ejected  by  the  eruption  of  Vesuvius  in 
1822,  which  only  spread  a  coating  of  from  a  few  feet  to  a  few 
inches  in  thickness  over  a  circle  of  four  or  five  miles  radius, 
and  nevertheless  left  a  crater  above  a  mile  in  diameter,  and 
more  than  a  thousand — Professor  Forbes  estimated  it  at  two 
thousand — ^feet  in  depth.  The  infinitely  more  abundant  ejec- 
tions of  such  paroxysmal  outbursts  as  those  referred  to  above, 
and  many  other  well-authenticated  instances  f,  must  neces- 

♦  "On  Cones  and  Craters,''  Quart.  Joiim.  Oeol.  Soc.  1856,  p. 337. 
•  t  Take,  inter  alia,  the  following.     In  February  1000,  the  volcano  of 
Gua^-ta-Putina,  near  Arequipa  in  Peioi,  threw  out  during  twenty  con- 
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Murily  ham  left,  by  their  abstraction  from  the  heart  of  the  vol- 
cano, cavities  exceeding  that  of  the  Yesuvian  eruption  in  direct 
proportion  to  their  superior  a^regate  bulk.  Reckoning  then 
hy  this  scale,  it  is  not  unreasonable  to  suppose  that  craters  of 
ten  or  fifteen  miles  in  diameter  may  have  resulted  from  those 
tremendous  paroxysmal  eruptions.  The  question,  indeed,  re- 
solves itself  into  one  of  arithmetic.  A  very  simple  calculation 
demonstrates  that  a  mass  of  fr^mentary  matter  spread  to  a 
depth  everywhere  exceeding  ten  feet  through  a  circle  of  twenty- 
five  miles  radius,  and  visibly  scattered  beyond  this  to  distances 
of  six  or  seven  hundred  miles  (the  facts  reported  of  the  erup- 
tion of  Coseguina  in' 1835),  will  amply  account  for  a  void  left 
in  the  volcanic  mountain  whence  all  this  matter  was  erupted, 
exceeding  in  its  dimensions  any  known  crater-basin,  and  equal 
to  the  bnlk  required  to  build  up  within  the  largest,  a  conical 
mountain  covering  its  whole  area. 

In  all  the  narratives  reported  of  such  extraordinary  erup- 
tions, we  hear  indeed  of  the  disappearance  of  the  entire  moun- 
tain, and  its  replacement  by  a  hollow  basin  or  lake  many  miles 
in  diameter.  But  we  hear  at  the  same  time  of  the  disper-^ 
sion  over  enormous  areas  of  a  proportionately  vast  amount 
of  fitigmentary  matter.  I  have  therefore  no  hesitation  in  ex- 
pressing my  conviction  that,  as  in  these  cases,  so  also  the 
"  external  rings  "  of  Santorini,  St.  Jago,  St.  Helena,  the  Cirque 
of  Teneriffe,  the  Curral  of  Madeira,  the  cUff-range  that  sur- 
rounds the  volcano  of  Bourbon,  and  others  of  similar  form 
and  structure,  however  wide  the  area  they  enclose,  are  truly 
the  'basal  wrecks^  of  volcanic  mountains  that  have  been  blown 
into  the  air,  each  by  some  eruption  of  peculiar  paroxysmal 
violence  and  persistence,  and  that  the  circular  or  elliptical 

tinuous  days  such  a  quantity  of  stones,  sand,  and  ashes,  as  covered  the 
surrounding  country  to  a  distance  of  00  miles  on  one  side  and  120  on  the 
other  I  Crops  were  buried,  trees  broken  down,  cattle  destroyed,  and  the 
roofe  of  houses  broken  in  by  the  mass  of  these  ejections  throughout  this 
vast  area.  (A.  Perroy,  Documens  sur  les  Tromblemens  de  Terre  au  P^rou, 
&c  1800.) 
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basin  which  they  wholly  or  in  part  surround  is  a  true  crater 
of  eruption. 

It  must^  however,  be  borne  in  mind  that  the  process  does 
not  consist  in  one,  but  in  a  multitude  of  repeated  explosions. 
Some  geologists  consider  these  vast  cavities  to  be  caused  by 
the  engulfment  {effondrement)  or  subsidence  of  the  mountain 
at  the  time  of  its  eruption.  Even  Sir  C.  Lyell  and  Mr.  Darwin 
appear  to  countenance  this  notion,  which,  however,  would 
seem  to  be  based  upon  the  "upheaval^'  fallacy,  by  which 
every  volcanic  mountain  is  considered  to  be  merely  a  hollow 
and  thin  arched  crust,  which  a  single  explosion  is  sufficient  to 
burst  like  a  bladder,  its  fragments  collapsing  into  the  cavity 
beneath.  That  idea  is  wholly  inconsistent  with  the  main 
facts  of  a  paroxysmal  eruption  as  above  described  —  the 
emission  of  lava  at  first  from  the  summit  of  the  volcano — the 
usually  long  continuance  of  the  explosive  discharges,  and 
the  prodigious  abundance  of  ejected  fragmentary  matters 
which  on  all  such  occasions  are  observed  to  be  spread  over 
vast  circumjacent  areas.  It  is  quite  a  mistaken  view  of  the 
true  character  of  a  normal  volcanic  eruption  to  compare  it  (as 
M.  de  Humboldt  does)  to  the  single  shock  caused  by  the 
explosion  of  a  mine,  or  the  bursting  of  a  steam-boiler.  I  am 
not  aware  of  any  recorded  example  of  such  a  sinffle  shock, 
followed  by  the  engulfment  of  the  shattered  rocks  and  imme- 
diate quiescence.  In  all  the  cases  usually  quoted  in  support 
of  the  ^engulfinent'  theory,  as  those  of  Timor  in  1638,  of 
Papandayang  in  1772,  and  Galongoon  in  1822,  the  explosive 
discharges  are  reported  to  have  lasted  for  months,  and  the 
materials  of  the  mountain-tops  were  by  decrees  blown  out- 
wards, and  spread  over  the  adjoining  regions  in  prodigious 
quantities  to  vast  distances.  This  is,  I  believe,  always  the 
case.  The  explosions,  having  once  begun,  are  coniiniwtis,  for 
days,  weeks,  months,  or  even  occasionally  for  years, — evidently 
proceeding,  as  has  been  shown,  from  a  mass  of  subterra- 
nean lava  in  a  state  of  ebullition,  which,  having  once  forced 
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a  oonmmnication  with  the  open  air,  at  the  weakest  point  of 
some  fissure  broken  by  its  expansive  efforts  through  the  over- 
lying rocks,  blows  iUeJf  atd  through  this  opening  by  degrees, 
although  with  terrific  violence ;  just  as  would  the  boiler  of 
a  high-pressure  steam-engine,  of  enormous  dimensions  and 
infinite  lateral  strength,  when  the  valve  of  the  steam-pipe,  or 
an  accidental  aperture  was  opened — and  not  after  the  manner 
of  a  boiler  bursting,  and  discMrging  all  its  steam  at  once,  or 
of  an  exploding  mine  of  gunpowder. 

It  is  not  by  one  outburst,  but  by  the  continued  repetition 
of  multiplied  eructations ,  caused  by  the  successive  development, 
upward  rush,  and  outward  explosive  discharge  of  innumerable 
vapour-bubbles  of  prodigious  elastic  tension,  that  an  eruption 
is  characterized,  and  it  is  by  their  continued  action  that  the 
more  or  less  solid  mass  of  rock  obstructing  their  escape  is — 
not  at  one  shock,  but  by  degrees,  and  as  the  surface  of  the 
lava  sinks  within  the  vent — broken  up  and  ejected ;  many  of 
the  firagments  falling  back  repeatedly  into  the  cavity,  and 
being  re-ejected,  until  they  are  for  the  most  part  ground  by 
friction  into  lapillo  (i.e.  small  globular  or  bouldered  scoriae), 
or  even  to  the  finest  powder,  which  the  winds  carry  to  vast 
distances.  This  gradual  process  it  is  that,  as  it  were,  eviscerates 
the  mountain,  leaving  at  the  close  of  the  eruption,  when  the 
ebullition  has  spent  its  force,  that  circular  or  oval  chasm  sur- 
rounded by  a  ring  of  steep  sloping  sides,  or  precipitous  clifis, 
which  is  the  weU-known  form  of  the  larger  volcanic  craters,  and 
which  will  be  generally  of  a  size  proportioned  to  the  violence 
and  duration  of  the  eruption,  and  to  the  amount  of  fragmentary 
matter  thrown  out  by  it  and  spread  over  the  surrounding 
slopes,  or  the  adjoining  siufaces  of  sea  or  land. 

The  idea,  indeed,  of  the  foundering  of  the  summit  of  a 
volcanic  mountain,  by  the  subsidence  into  some  vast  empty 
gulf  beneath,  of  what  was  but  a  hollow  crust  or  roof,  is  opposed 
to  the  characteristic  phenomena  of  normal  volcanic  eruptions, 
which  are  inconsistent  with  the  existence  of  any  vast  internal 
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void  immediately  beneath  such  a  mountain.  Did  any  such 
exists  how  is  it  possible  that  currents  of  liquid  lava  could  be 
propelled  in  abundance  from  the  summit,  or  a  high  point  on 
its  flank?  The  gulf  which  is  supposed  to  swallow  up  the 
mountain  would,  of  course,  retain  within  its  bosom  all  this 
fluid  matter.  The  phenomena  of  eruption  seem  to  attest,  on 
the  contrary,  an  overflowing  abundance  and  excess  of  matter 
there,  solid,  no  less  than  fluid  and  gaseous,  that  struggles  to 
find  a  vent,  and  having  obtained  one,  the  mountain  continues, 
through  a  more  or  less  lengthened  period  of  eruption,  to  dis- 
charge  the  redundant  contents  of  its  interior  until  the  plethora 
is  reduced,  and  the  forces  of  repression,  consisting  in  the 
weight  and  tenacity  of  the  overlying  mass  (together  with  the 
weight  of  the  atmosphere,  which  should  not  be  overlooked), 
recover  their  ascendency  and  stop  any  further  evacuation.  This 
is  a  state  of  things  entirely  inconsistent  with  the  existence  of 
a  great  internal  void  capable  of  swallowing  up  at  one  shock 
the  upper  moiety  or  two-thirds  of  the  mountain. 

Certain  exceptional  cases,  in  which  the  process  was  more 
rapid,  and  subsidence  therefore  may  have  played  a  part,  will 
be  considered  presently. 

§  7.  It  is  not  intended,  of  course,  to  deny  that  the  internal 
area  of  many  crater-rings  has  been  enlarged  since  their  ori- 
ginal formation  by  other  forces  than  explosive  eruption — espe- 
cially by  denudation.  This,  indeed,  has  frequently  happened 
to  such  as  have  been  exposed  for  a  long  time — ^perhaps  for 
countless  ages — to  the  abrading  action  of  the  sea- waves  and 
currents.  Under  such  circumstances,  some  have  probably 
been  entirely  obliterated;  some  worn  down  into  fractional 
segments  of  the  ring  they  once  formed.  Santorini  is  one  ex- 
ample. Others  may  be  seen  in  the  Lipari  Isles,  in  the  coast 
of  Naples  between  the  Isle  of  Procida  and  Misenum,  in  the 
Ponza  Isles,  and,  indeed,  in  every  cluster  of  volcanic  islands 
and  insular  rocks. 

A  very  common  form  assumed  by  such  fragmentary  seg- 
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saeata  of  a  Tolcanic  cone  as  have  been  long  exposed  to  the 
dennding  action  of  the  sea,  is  that  of  the  Isle  of  Ventotiene, 
in  the  Meditemneaa,  near  Naples  (see  lig.  56),  where  a  thick 

Fig.  55. 


of  grcjstoae,  with  ttrtUiSed* 


bed  of  trachytic  lava,  underlying  strata  of  fragmentary  ejec- 
tions, has,  through  its  superior  solidity,  been  preserved  above 
the  level  of  the  waves,  while  the  remainder  of  the  subaerial 
cone  has  been  vashed  avay.  A  disciple  of  the  elevation-crater 
theory,  and  indeed  any  casual  observer,  would  be  apt  to  con- 
clude, from  the  mere  outline  of  such  a  mass,  that  the  lava-bed 
had  been  upheaved  in  bulk,  and  had  carried  up  the  conglo- 
merate strata  to  their  present  angle  of  inclination :  whereas 
I  believe  tliat  in  this,  and  innumerable  other  analogous  in- 
stances to  be  seen  wlierever  wavea  beat  against  a  volcanic 
coast  or  island,  botli  the  lava  and  the  overlying  stratified 
beds  are  in  the  position  in  which  the  first  originally  flowed, 
and  the  latter  were  spread,  upon  the  outer  slope  of  a  volcanic 
cone,  whether  submarine  or  subaerial.  Mr.  Darwin,  in  hia 
description  of  St.  Helena,  justly  remarks  on  the  vast  amount 
of  degradation  which  many  insular  volcanic  mountains  have 
evidently  sufiered  from  the  action  of  the  sea- waves.  Portions, 
he  says,  "  of  the  basaltic  ring  whose  segments  still  nearly  en- 
circle that  island  have  beeu  wholly  removed  through  areas  of 
several  square  miles,  leaving  precipitous  cliffs  on  either  side 
from  one  to  two  thousand  feet  in  height.  There  are  also 
ledges   and  banks  of  rocks,  rising  out  of  profoundly  deep 
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water,  and  distant  from  the  present  coast  between  three  and 
four  miles,  which  can  be  traced  to  the  shore,  and  are  found 
to  be  the  continuations  of  well-known  great  dykes.  The 
mind  recoils  from  an  attempt  to  grasp  the  number  of  centu- 
ries of  exposure  to  the  Atlantic  waves  necessary  to  have 
groimd  into  mud  and  dispersed  the  enormous  cubic  mass  of 
hard  rock  which  has  been  pared  off  the  circumference  of  this 
island/'  He  then  contrasts  with  these  evidences  of  external 
waste  in  St.  Helena — confirmed  by  the  equally  worn  aspect 
and  relief  of  its  internal  surfaces,  denuded  dykes,  pyramidal 
cones  of  clinkstone,  and  no  traceable  streams  of  lava  or  scorise- 
cdhes — ^the  comparative  freshness  of  the  next  island,  that  of 
Ascension,  where  "  the  surfaces  of  the  lava-streams  are  glossy, 
as  if  just  poured  out,  their  boundaries  well  defined,  and  trace- 
able to  perfect  craters,  no  dykes  perceivable,  and  the  circum- 
ference of  the  island  low,  and  scarcely  at  all  eaten  into  by  the 
waves.''  Yet  Ascension  has  not  been  in  eruption  since  its 
first  discovery,  three  or  four  centuries  back !  Similar  con- 
trasts are  often  to  be  found  within  the  limits  of  the  same 
island,  where  an  old  eruptive  vent  has  been  deserted  for  one 
removed  to  some  distance;  for  example,  in  the  Isle  of 
Bourbon,  two-thirds  of  which  are  occupied  by  the  remains  of 
an  early  volcanic  mountain  long  since  extinct  and  deeply 
eaten  into  by  aqueous  erosion,  the  remaining  third  consisting 
of  the  products  of  the  still  active  volcano. 

The  lesson  taught  by  these  observations  is  worth  the  notice 
of  geologists  engaged  in  the  study  of  the  relations  between 
the  earlier  trap-rocks  and  the  sedimentary  strata  which  they 
penetrate  or  overlie.  Many  a  massive  dyke,  or  bed  of  such 
rock,  may  have  been  the  remnant  of  a  once  extensive  and 
bulky  volcanic  island,  worn  down  to  a  mere  stump,  or  to  a 
few  segments  of  its  hardest  rocks,  by  the  secondary  or  ter- 
tiary seas  which  afterwards  enveloped  it  in  their  sedimentary 
deposits. 

§  8.  Much  change  likewise  must  have  been  often  occasioned 
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in  the  encircling  walls  of  a  crater  by  earthquake-shocks  top- 
pling down  its  precipitous  difis^  partially  fiUing  up  the  cavity 
with  taluses^  and,  in  conjunction  with  atmospheric  and  aqueous 
erosion,  smoothing  down  the  superficial  outlines  of  the  ex- 
ternal ranges,  or  clearing  a  passage  through  them  for  the  exit 
of  rain-torrents  or  lake-waters  that  may  have  collected  in 
th^  basins. 

The  last-mentioned  influence  is  worth  dwelling  upon,  as  it 
affords  the  explanation  of  a  not  unfirequent  feature  in  the 
larger  and  more  perfect  crater-basins,  namely,  their  exhibition 
of  a  principal  breach  or  opening  on  one  side,  through  which 
their  drainage  is  usually  effected.  Of  such  lateral  breaches 
the  great  Barauco  opening  into  the  crater  of  the  Isle  of  Palma 
(Canaries)  is  an  example  often  referred  to.  The  Val  del 
Bove,  on  the  flank  of  Etna,  the  Cirque  of  Teneriffe  (see  p.  198), 
the  Cumd  of  Madeira,  the  cliff-range  of  Bourbon,  and  many 
others  that  might  be  mentioned,  are  instances  of  vast  craters 
breached  in  the  same  way  on  one  or  more  sides.  In  nearly  all, 
I  believe,  the  direction  of  the  principal  breach  corresponds  with 
that  of  the  longer  axis  of  the  crater's  horizontal  figure— in 
other  words,  with  the  fundamental  fissure  by  whose  local  en- 
hirgement  it  was  presumably  formed.  The  widening  of  this 
fissure  through  a  considerable  length  upon  the  occurrence 
of  the  paroxysmal  eruption  to  which  the  crater  is  owing,  is  in 
itself  a  highly  probable  circumstance — in  complete  conformity 
with  the  statements  already  brought  forward,  of  the  visible 
production  of  some  great  cleft  through  the  flank  of  a  volcanic 
mountain  on  such  occasions.  Should  a  chasm  of  this  kind 
remain  open  for  a  lengthened  term — that  is  to  say,  not  blocked 
up  by  lavas  or  tuff-deposits  from  subsequent  eruptions — giving 
outward  passage  to  the  rain-torrents  that  fall  or  collect  in 
the  interior  of  the  basin,  especially  in  tropical  countries,  or 
to  the  deluges  caused  by  the  melting  of  snow  or  ice  in 
colder  regions  or  on  lofty  volcanic  mountains,  it  is  inevitable 
that  the  opening  must  be  greatly  enlarged  by  the  under- 

p2 
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mining  and  washing  away  of  its  banks.  In  some  of  the 
instances  mentioned  above,  there  is  patent  proof  of  the  vast 
scale  on  which  denudation  has  thus  cooperated  to  excavate 
the  gorge  which  drains  the  great  crater.  At  the  seaward 
opening  of  the  Val  del  Bove,  enormous  accumulations  of  alhi- 
vial  volcanic  matter  have  overspread  the  plain*.  In  the 
Baranco  of  Palma  similar  eluvial  conglomerates  reach  a 
thickness  of  800  feet,  and  ^^  bear  testimony,"  in  Sir  C.  LyelFs 
opinion,  "to  the  removal  of  a  prodigious  amount  of  mate- 
rials firom  the  Caldera  by  the  action  of  water  f,"  They  are 
interbedded  with  lava-streams,  probably  the  result  of  erup- 
tions &om  the  bottom  of  the  Caldera  subsequent  to  its  for- 
mation. Certain  remnants  of  basaltic  lava-beds  and  conglo- 
merate strata  within  the  Caldera  itself  are  also,  perhaps,  due 
to  these  eruptions. 

In  Tenerifife,  one  of  the  Baraiicos  opening  out  of  the  great 
crater,  through  the  Valley  of  Taoro,  is  said  by  Professor  P. 
Smyth  to  have  been  enlarged  to  three  times  its  previous 
width  in  the  space  of  a  few  hours  by  a  single  debacle  pro- 
ceeding from  a  violent  storm  of  rain,  or  water-spout,  that  fell 
upon  the  mountain  on  the  6th  November,  1829.  It  under- 
mined the  cliffs  of  hard  lava-rock  and  conglomerate  on  either 
side  to  a  great  depth,  and  spread  their  ruins  over  a  wide  de- 
vastated area  of  the  plain  beyond,  carrying  much  also  into 
the  sea  j:. 

In  the  Mont  Dore,  the  Valley  of  Chambon  is  a  '  Baranco ' 
of  similar  character ;  and  the  immense  masses  of  conglomerate 
still  remaining  at  its  opening  into  the  main  valley  of  the  Al- 
lier,  at  Nechers,  Pardines,  and  Issoire,  attest  the  vast  force  of 
aqueous  denudation  by  which  it  was  excavated.  We  must 
bear  in  mind  how  peculiarly  liable  to  the  erosive  action  of 
torrents  are  the  loose  and  fragmentary  strata  of  which  vol- 

♦  See  Sir  C.  Lyell's  Map  of  Etna  (Phil.  Trans.  1860,  pL  xlix.),  copied 
from  the  Atlaa  of  S.  v.  Waltershausen. 
t  Manual,  1855,  p.  608.  J  Piazzi  Smyth^s  Teneriffe,  1859. 


DENUDATION  OF  VOLCANIC  MOUNTAINS.  213 

canic  monntaiiis  are  chiefly  compoeed,  while  even  the  harder 
lava-beds  that  alternate  with  these  are  full  of  vertical  joints, 
causing  them  to  be  easily  displaced  by  frost  and  undermining 
currents  of  water  *. 

The  description  given  by  Dr.  Lauder  Lindsay  of  the  chief 
features  of  an  eruption  which  took  place  in  May  of  last  year 
(1860)  from  the  volcano  of  Kotlugja  in  Iceland  may  assist  us 
to  form  some  faint  conception  of  the  vast  changes  occasion- 
ally brought  about  in  the  physical  configuration  of  a  large 
tract  of  country  by  such  occurrences  within  the  course  of 
a  very  brief  time.  The  eruption  was  preceded,  as  usual,  by 
local  earthquakes.  Then  a  dark  columnar  cloud  of  vapour 
was  seen  to  nse  by  day  from  the  moimtain,  and  by  night  balls 
of  fire  (volcanic  bombs)  and  red-hot  scoriae,  to  the  height  (it 
would  seem)  of  24,000  feet — being  seen  from  a  distance  of 
180  miles.  Deluges  of  water  rushed  from  the  heights,  bearing 
along  whole  fields  of  ice,  and  rocky  fragments  of  every  size, 
some  vomited  by  the  volcano,  but  in  great  part  torn  from  the 
flanks  of  the  mountain  itself,  and  carried  to  the  sea,  there  to 
add  considerably  to  the  coast-line,  after  devastating  the  inter- 
vening country.  In  truth,  no  more  powerftd  causes  of  super- 
ficial change  on  the  face  of  the  earth  can  be  conceived  than 
such  paroxysmal  eruptions  from  snow-covered  volcanos.  For- 
tunately they  are  but  "  few  and  far  between,^'  as  well  in  time 
as  in  space,  or  the  surface  of  the  globe  would  be  uninhabitable. 

*  Sir  C.  Lyell  at  one  time  was  inclined  to  ascribe,  I  think;  an  undue 
amount  of  influence  to  the  action  of  marine  waves  and  currents  in  the 
production  of  many  craters,  even  going  the  length  of  giving  them  the 
name  of  *  Craters  of  Denudation '  (see  his  paper  on  the  Structure  of  Vol- 
canos, Quart.  Joum.  Geol.  Soc.  1849).  Ilo  has  since,  however,  I  be- 
lieve, modified  this  view  considerably,  although  perhaps  still  inclined  to 
refer  the  larger  class  of  craters  to  subsidence,  assisted  by  denudation, 
rather  than  to  explosive  eruptions,  which  I  consider  in  every  case  to  bo 
their  true  ari^n ; — denudation,  of  course,  as  admitted  above,  having  in 
certain  cases  enlarged  their  internal  area,  and  indeed  often  (as  in  the 
instance  of  Ventotiene  given  above)  worn  away  the  greater  part  of  the 
enclosing  walls. 
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On  the  whole,  I  consider  it  unquestionable  that,  whatever 
modifications  they  may  have  subsequently  imdergone  from  the 
causes  last  referred  to,  the  origin  of  all  the  larger  craters,  no 
less  than  of  those  of  inferior  magnitude,  is  to  be  sought  in  the 
outburst  of  aeriform  explosions. 

§  9.  Crater-lakes, — I  make  no  exception  even  of  such  wide 
saucer-like  hollows,  surrounded  by  comparatively  low  eleva- 
tions (always,  however,  composed  of  volcanic  strata  with  a 
quaquaversal  outward  slope),  as  the  lake-basins  of  Bracciano, 
Bolsena,  Laach,  and  others  that  might  be  named. 

With  regard  to  those  of  smaller  size,  as,  for  example,  the 
Lakes  Ronciglione,  Nemi,  Albano,  and  others  in  the  Roman 
States,  there  can  be  no  reason  for  doubting  their  explosive 
origin  any  more  than  in  the  case  of  the  neighbouring  Monte 
Albano,  where  a  central  cone  and  crater  (the  Monte  Cavo) 
rises  within  a  larger  external  crater-ring,  both  enclosures 
being  breached  towards  Rome,  in  which  direction  they  have 
sent  forth  streams  of  lava,  and  both,  of  course,  formed  in  the 
same  manner.  The  crater-ring  of  Rocca  Monfina,  north  of 
Naples,  is,  I  believe,  likewise  of  eruptive  origin,  although 
there,  as  in  Astroni,  a  central  boss  of  trachyte  has  led  some 
to  believe  it  an  '  elevation  crater/ 

Whether  the  bottom  of  a  crater  should  be  occupied  by  a 
lake  will  very  much  depend,  as  has  been  already  noted,  upon 
the  ash  and  other  fragmentary  matters  of  which  its  con- 
glomerates are  composed  being  of  an  aluminous  nature,  so  as 
to  form  a  paste  capable  of  holding  water.  Hence  such  lakes 
chiefly  occur  among  the  volcanos  that  have  erupted  trachytic 
lavas  in  which  felspar  predominates.  For  example,  the  crater- 
lakes  of  the  Phlegrsean  fields,  Agnano,  and  Avemo  are  formed 
in  pumice-tuff.  Most  of  the  small  lake-craters,  or  Maars,  of 
the  Eifel,  which  emitted  generally  basaltic  lavas,  were  pro- 
duced by  eruptions  that  broke  through  strata  of  shale  belong- 
ing to  the  carboniferous  period,  which,  when  shattered  into 
dust,  forms  a  clayey  lining  to  the  cavity  equally  impermeable 
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to  water.  In  the  volcanic  country  surrounding  Auckland^  in 
New  SSealand^  there  occnr^  together  with  cinder-cones  of  the 
ovdinaiy  character^  numerous  small  circular  crater-lakes^ 
which,  like  those  of  the  Phlegrsean  fields,  owe  their  origin  to 
emptions  on  the  shore  of  the  sea,  but  through  beds  of  tertiary 
marl;  consequently  the  ejected  ashes,  being  tumultuously 
mixed  up  with  calcareous  mud  and  water,  were  likely  to 
form  a  retentive  clayey  paste.  These  New  Zealand  craters 
have  generally  one  or  more  minor  cones  within  them,  the 
product  of  explosions  subsequent  to  their  formation.  Each 
has  also  usually  given  issue  to  a  current  of  greystone  lava^. 
They  vary  in  diameter  firom  a  mile  or  more  to  only  a  few 
yards.  Their  marginal  heights  are  often  very  low,  rising  but 
little  above  the  plain  around,  though  the  surface  of  the  water 
within  the  basins  is  much  lower,  as  may  be  seen  in  the  section 
of  their  usual  form  given  by  Mr.  Heaphy  (fig.  56). 

Fig.  56. 


\ T 

The  low  subcorneal  banks  that  surroimd  these  and  similar 
small  crater-lakes  consist,  of  course,  of  the  fragmentary 
matters  ejected  by  the  explosive  eruption  which  produced  the 
cavity. 

In  the  case  of  some  of  the  larger  saucer-like  basins,  such  as 
Laach,  Bracciano,  and  Bolsena,  which  measure  firom  three  to 
eight  miles  in  diameter,  it  is  probable  that  a  volcanic  hill, 
composed  of  the  matters  ejected  by  preceding  eruptions, 
existed  there  and  was  broken  up  when  the  basin  was  formed, 
and  its  skirts  covered  by  their  fragments.  These,  being  of  a 
light  and  loose  texture  (pumice  or  felspathic  ash),  would  be 

♦  Heaphy,  Quart.  Joum.  GeoL  Soc.  1860.  Mr.  Heaphy's  admirable 
drawings  of  the  New  Zealand  volcanos,  in  the  possession  of  the  Geological 
Society,  are  well  worthy  of  examination. 
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likely  to  form  a  Beries  of  curved  ridges,  of  no  great  height  or 
steepness,  which  time  and  meteoric  denudation  will  have  still 
fiirther  smoothed  down ;  and  such  is  the  general  character  of 
those  basins. 

§  10.  Where,  however,  the  crater-lake  has  been  hollowed 
out  of  granite,  basalt,  or  other  hard  and  massive  rock,  the 
encircling  banks  are  mostly  abrupt  and  precipitous ;  and  the 
sections  they  exhibit  of  the  rocks  through  which  the  cavity  has 
been  drilled  show  few  or  do  signs  of  disturbance.  Of  this 
character  are  the  Lacs  Paveu,  Guery,  Scrvieres,  Bouchet, 
Tavana,  St.Front  and  others  in  Auvergne.  The  lake  of  Gusta- 
vila  in  Mexico,  described  by  Humboldt,  and  of  which  he  gives 
an  eograying  (fig.  57),  is  apparently  of  the  same  kind,  aa  well 


Fig.  .>7. 


I*kB  of  Guitavila  (Meiico).    (From  Himiboldffl  •Jueg  dee  CordaWpoe.') 
(R.B.  The  terraces  round  the  interior  elopes  are  artiflrittl.) 

as  those  "  numerous  small  lakes  of  volcanic  origin  "  in  Central 
America,  described  by  Mr.  Squier. 

One  of  the  chief  characteristics  of  tbw  remarkable  class  of 
craterifonn  hollows  {pii-craterg  they  have  been  called)  is  that, 
however  deep  their  interior  may  be,  their  borders  often  rise 
but  little — in  some  cases  scarcely  at  all — above  the  level  of  the 
surrounding  country.  Nevertheless  that  repeated  explosive 
eructations  attended  their  formation  is  proved  beyond  question 
by  the  fact  that  beds  of  scoriie,  volcanic  bombs  and  lapillo,  or 
of  pumice  and  ash  (matter  which  could  only  have  been  thrown 
up  by  explosive  bursts  from  a  surface  of  liquid  lava),  are  found 
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in  eveiy  iiistance  (I  bdieve  without  exception)  scattered  around 
or  on  one  side  of  themj  although  the  bulk  of  such  cjccta 
appears  frequently  inaufSdent  to  account  for  the  mass  of 
matter  which  must  once  have  filled  the  cavity.  There  would 
seem,  therefore,  in  these  cases  reason  to  believe  in  the  sub- 
sidence of  the  remainder  into  some  void  beneath. 

It  is  not  improbable  that  the  powerful  explosions,  of  evi- 
dently short  duration,  to  which  many  of  these  pit-craters  are 
clearly  owing  (as  shown  in  the  small  amount  of  scorise  and 
volcanic  ash  ejected),  proceeded  from  some  proportionately  ex- 
tensive cavity,  some  disk-shaped  vapour-bubble,  formed  on 
the  surface  of  a  subterranean  pool  of  highly  liquid  lava  by  the 
collection  of  volumes  of  steam  supplied  from  yet  lower  depths, 
iu  the  manner  suggested  in  an  earlier  page  (p.  43).  The  in- 
creased tension  of  the  vapour,  as  it  received  further  additions 
from  beneath,  or  as  its  temperatiu^  was  augmented,  may  be 
supposed  to  have  brought  on  at  length  a  sudden  rupture  of 
the  overlying  rocks,  and  the  violent  escape  of  the  confined 
steam  in  one  or  a  few  tremendous  belches  from  the  opening 
so  broken,  followed  by  the  subsidence  into  this  gulf  of  the 
ruins  of  the  shattered  rocks. 

We  have  seen  (pp.  79-81  smpra)  that,  on  or  near  the  surface 
of  some  extremely  liquid  lavas,  bubbles  of  large  size,  many 
yards  in  diameter,  are  found.  Dana  saw  such  in  vast  num- 
bers in  Hawaii,  and  Darwin  in  the  Galapagos  Isles.  The 
volumes  of  steam  that  inflated  these  bubbles  rose,  no  doubt, 
from  the  bottom  of  the  lava-bed,  if  not  from  the  chimney 
itself  of  the  volcano,  and  expanded  as  they  rose,  both  from  the 
pressure  upon  them  diminishing,  and  by  the  union  of  many 
bubbles  in  their  ascent.  If  then  we  suppose  such  volumes 
of  vapour  to  have  risen  from  still  greater  depths  through  the 
widest  part  of  a  fissure  filled  with  lava  of  extreme  liquidity 
and  specific  gravity,  and  communicating  with  a  molten  mass 
beneath — previous  to  the  opening  of  any  outward  avenue  of 
escape — it  is  reasonable  to  believe  that  they  would  collect 
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into  a  colossal  bubble  or  blister  on  the  surface  of  the  elevated 
lava.  Further,  it  is  very  conceivable  that  a  body  of  highly 
liquid  lava  so  forced  up  through  a  deep  fissure  may  sometimes 
spread  horizontally  to  a  greater  or  less  distance  among  the 
rocks  it  penetrates — partly  by  mechanical  force,  partly,  per- 
haps, by  melting  the  more  Aisible  beds  with  which  it  comes  in 
contact.  Evidence  of  such  intrusions  of  lava  between  strata 
is  far  from  unfrequent  wherever  denudation  has  disclosed  the 
internal  structure  of  volcanic  tracts  of  all  ages.  And  where 
this  has  happened,  the  volumes  of  vapour  rising  from  beneath 
may  have  sometimes  collected  on  the  surface  of  such  a  sub- 
jfcerranean  pool  of  lava  in  one  or  more  immense  flattened  bub- 
bles, like  the  air-bubbles  that  are  often  formed  beneath  ice. 
Such  bubbles  or  blisters  would  necessarily  have  an  approxi- 
mately circular  outline.  Nor  does  it  appear  incredible  that 
they  may,  in  extreme  cases,  have  spread  horizontally  to  the 
dimensions  of  even  some  miles  in  diameter.  Should  the 
tension  of  the  steam  contained  in  such  a  disk-shaped  cavity 
increase  by  additions  of  vapour,  or  of  heat,  or  both  (as  must 
be  the  case  unless  some  other  vent  is  opened,  on  the  assump- 
tion of  continued  increments  of  heat  frx)m  beneath  to  the 
lower  lava-mass  with  which  it  communicates),  the  sum  of  the 
forces  of  resistance  above  must  be  overcome  at  length ;  and 
should  the  lava-surface  be  at  no  great  depth,  the  overlying  rocks 
may  be  broken  up,  throughout  a  wide,  more  or  less  circular 
superficial  area,  corresponding  to  that  of  the  exploded  bubble. 
Their  shattered  fi-agments  would  probably  subside  into  the 
void  thus  opened,  without  any  very  violent  outward  explo- 
sions (much  in  the  manner  of  the  chalk  clifPs  blown  up  re- 
cently at  Seaford),  and  only  a  few  partial  spirts  of  vapour  and 
ejected  scorise  may  take  place  from  the  lava  beneath  through 
their  interstices,  its  ebullition  being  choked  by  these  accumu- 
lated fitigments  after  the  contents  of  the  cavity  had  escaped  *. 

*  While  these  sheets  are  going  through  the  press,  I  have  received  the 
aocoimt  of  M.  Daubr6e*H  experiments  ''on  the  capillary  infiltration  of 
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Qr^  perhaps^  the  lava  itself  may  be  rapidly  discharged  through 
some  other  orifice  affording  an  easier  issue^  opened  by  the 
shock  of  the  explosion  or  simultaneously  with  it. 

The  latter  supposition  receives  some  support  from  an  exa- 
mination of  a  still  rarer  class  of  craters  in  which  such  a 
lateral  escape  of  lava  unquestionably  plays  a  part ;  I  mean 
those  which  are  seen  in  numerous  points  of  the  Sandwich 
Isles^  and  of  which  SLilauea  in  Hawaii  is  the  best-known  and 
in  all  respects  most  striking  example. 

§  11.  In  this  instance^  a  mountain  rising  nearly  14^000  feet 
above  the  sea^  of  the  shape  of  a  flattened  cone  or  dome  (Mauna 
Loa)^  has  been  formed  chiefly  by  the  repeated  outflows  of  a 
highly  liquid  lava  boiling  up  and  over  the  lips  of  a  central 
vent  at  its  summit.  It  is  still  frequently  in  eruption^  and 
possesses  at  present  a  crater  of  considerable  size.  Another 
much  larger  crater  (Kilauea)  has  at  some  time  or  other 
been  broken  through  the  flank  of  the  mountain  at  the 
distance  of  sixteen  miles^  and  at  a  level  10^000  feet  lower.  It 
is  to  the  phenomena  of  this  last  crater  that  attention  has  been 
chiefly  attracted^  partly  through  its  comparative  facility  of 
access^  but  principally^  no  doubt^  frt)m  their  very  striking  cha- 
racter. It  is  an  immense  chasm^  of  an  irregularly  elliptical 
figure,  of  varying  depth,  and  some  three  miles  in  its  longest  dia- 
meter.    Its  internal  walls  are  precipitous  cliffs,  for  the  most 

water  througli  porous  rock-matter^  although  opposed  by  a  strong  counter- 
pressure  of  elastic  vapour,'^  in  which  he  suggests  that  the  gradual  pene- 
tration of  the  surface-waters  of  the  globe  in  this  manner  to  subterranean 
cavities  at  no  great  depths  within  bodies  of  heated  lava,  may  explain 
many  of  the  phenomena  of  volcanic  action ;  and  he  especially  refers  to  the 
crater-lakes  of  the  Eifel,  &c. 

I  will  not  here  attempt  to  discuss  the  question  of  the  source  from 
which  the  aqueous  vapour  in  lavas  proceeds,  which  may  be  noticed  in  a 
future  page ;  but  I  may  here  say,  that  M.  Daubr^'s  ingenious  suggestion 
only  professes  to  account  for  the  access  of  aqueous  vapour  to  the  ntrface 
of  a  subterranean  body  of  lava, — ^not  for  that  intimate  permeation  of  its 
entire  mass  to  extreme  depths  by  steam,  which  the  phenomena  of  vol- 
canofl  indicate,  I  think,  with  certainty.    (See  p.  39,  mtpra,) 


220  PHENOMENA  OF  KILAUEA. 

part  composed  of  horizontal  beds  of  black  rock ;  and  at  the 
bottom — at  times  1000  feet  or  more  below  the  rim — is  usually 
seen  a  lake  of  more  or  less  liquid  and  incandescent  lava,  but 
covered  in  great  part  with  a  hardened  crust,  through  which  in 
several  places  the  molten  lava  may  be  seen  to  boil  up  like 
water  in  a  spring,  and  moderate  discharges  of  vapour  take 
place,  throwing  up  scoriae,  and  forming  as  many  small  cinder- 
cones.  This  surface  does  not,  however,  long  retain  the  same 
level,  but  sometimes  rises  to  the  brim  of  the  crater;  at  others 
it  sinks  out  of  sight,  the  entire  caldron  being  emptied  of  its 
contents  by  discharge  through  some  fissure  opened  at  a  still 
lower  level  in  the  flank  or  near  the  base  of  the  mountain. 
After  a  time,  this  duct  being  closed,  the  lava  rises  again 
within  the  crater.  The  subsidence  often  leaves  one  or  more 
irregular  shelves  or  ^  black  ledges '  of  solid  rock  within  the 
outer  crater-ring  at  difiFerent  levels,  marking  the  height  to 
which  the  molten  matter  had  previously  reached.  According 
to  Professor  Dana,  this  series  of  phenomena  has  been  seen 
in  operation  several  times  within  the  last  quarter  of  a  cen- 
tury; the  lava  sometimes  rising  so  high  as  to  overflow  the 
brink  of  the  cavity,  sometimes  subsiding  again  to  the  depth 
of  1000  feet  or  more,  when  the  internal  reservoir  has  been 
'  tapped '  by  the  opening  of  lateral  issues  at  lower  points  on 
the  slope  of  the  mountain.  The  awfiil  grandeur  of  the  scene 
presented  by  the  caldron  of  seething  lava,  when  looked  on  by 
night,  can  scarcely  be  exceeded  by  the  volcanic  phenomena 
witnessed  at  any  other  spot  on  the  globe;  and  from  the 
moderate  character  of  the  explosive  eruptions  of  scoriae  from 
this  vent,  the  crater  may  be  approached,  its  shelves  of  lava 
walked  upon,  and  its  phenomena  inspected  with  very  little 
personal  risk. 

The  upper  and  central  crater  of  the  mountain  (Loa),  10,000 
feet  higher,  resembles  that  of  Kilauea  in  every  respect,  except 
that  its  flows  of  lava  burst  from  cracks  near  the  outer  edge  of 
the  hollow,  or  a  short  way  down  the  outer  slopes,  and  it  does 
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not  appear  to  discharge  its  contents  by  a  subterranean  duct  at 
any  much  lower  level.  Indeed  the  fact  of  the  column  of  lava 
maintaining  itself  at  this  extraordinary  height  proves  the 
solidity  and  compactness  of  the  framework  of  the  mountain^ 
which  is  not  surprising^  since  its  slopes  rise  at  the  low  angle 
of  from  4®  to  8®.  The  crater  is  8000  feet  in  diameter,  circular, 
and  from.  500  to  800  feet  in  depth.  Like  the  pool  of  Kilauea, 
it  is  encircled  by  a  shelf  or  terrace  of  hardened  lava  within  a 
wider  crater  of  irregularly  elliptical  figure.  The  cliff- walls  that 
bound  both  the  outer  and  inner  crater  are  vertical,  and  show 
horizontal  beds  like  those  of  Kilauea.  An  eruption  took  place 
bom  this  crater  in  1843,  which  did  not  in  any  manner  affect  the 
phenomena  of  Elilauea.  The  lava  continued  to  flow  from  near 
the  summit  for  ten  weeks.  Scorise  do  not  seem  to  be  thrown 
out  from  either  of  these  craters  on  a  large  scale  at  present. 
In  the  year  1789,  however,  powerfiil  ejections  of  this  nature 
are  described  by  the  natives  as  having  produced  darkness  at 
mid-day,  and  destroyed  by  their  fall  several  men  in  an  army 
which  was  then  on  its  march  across  the  country.  It  is  evident 
that  such  an-  eruption  would  account  for  the  formation  of 
either  of  these  craters  in  the  usual  manner.  Once  opened  by 
aeriform  explosions,  we  may  supi)Ose  them  to  have  been  re- 
peatedly filled  by  the  welling-up  of  lava  from  the  vent  at  their 
bottom,  and  emptied  again  by  a  tapping  through  ducts  at  a 
lower  level,  in  the  manner  above  described.  The  fissure  which 
gave  lateral  issue  to  the  lava  of  Kilauea  in  one  of  its  latest 
eruptions  (1 840)  was  at  first  narrow  and  small.  It  was  gradually 
lengthened  downwards  and  enlarged,  the  lava  flowing  success- 
ively from  openings  at  a  lower  and  yet  lower  level,  as  in  the 
cases  of  Etnean  eruptions  already  mentioned.  The  extreme 
length  of  the  fissure  (which  could  be  traced  through  the 
disturbance  of  the  surface-rocks  above)  was  twenty-five  miles, 
and  the  lava-stream  reached  a  distance  of  forty  miles,  covering 
fifteen  square  miles  of  surface,  and  averaging  ten  or  twelve 
feet  in  depth.    Its  discharge  emptied  the  whole  lower  pit  of  the 


222  TAPPING  OP  A  CRATER. 

crater,  calculated  to  hold  15,400,000,000  cubic  feet  of  molten 
matter !  * 

These  are  stupendous  phenomena,  but  yet  quite  in  accord- 
ance with  the  normal  laws  of  ordinary  volcanic  action  which 
we  have  deduced  from  the  more  common  circumstances  of 
eruption.  Professor  Dana  observed  several  thousand  smaller 
pit-craters  in  the  same  island — now  extinct — but  probably  pro- 
duced in  the  same  manner  as  the  greater  active  craters.  They 
are  usually  in  the  close  vicinity  of  scoriae-cones  from  200  to 
1000  feet  in  height ;  which  proves  that  in  each  instance  very 
considerable  aeriform  explosions  occurred,  and  these  probably 
produced  the  crater.  Mount  Bea  has  nine  such  cones  on  its 
summit,  each  500  or  600  feet  high.  The  peculiar  character 
of  the  phenomena  of  the  Sandwich  Islands^  volcanos  seems  to 
be  due  to  the  extreme  liquidity  and  viscidity  of  their  lava. 
These  qualities  are  attested  by  its  very  vitreous  texture  and 
filamentous  or  ropy  forms,  indicating  likewise  an  intense  tem- 
perature, to  which  probably  is  owing  the  rapidity  of  its  escape 
by  the  fissures  opened  through  the  lower  flanks  of  the  moun- 
tain, and  also  the  fact  of  such  large  surfaces  of  molten  matter 
remaining  so  long  in  a  state  of  incandescence  as  are  occa- 
sionally seen  in  the  remarkable  lava-pool  of  Kilauea. 

§  12.  I  have  said  that  the  phenomena  of  these  Sandwich 
Islands'  craters  might  throw  some  light  on  the  origin  of  the 
class  of  ^  pit-craters '  previously  described,  which  are  drilled 
through  pre-existing  rocks,  and  in  which  the  bulk  of  frag- 
mentary matter  ejected  by  aeriform  explosions  does  not  bear 
its  due  proportion  to  the  size  of  the  cavity.  I  suspect  that  in 
many  of  these  cases  there  has  been  a  ^  tapping ' — i.  e.  an 
escape  by  some  channel  opened  at  a  lower  level — of  the  mass 
of  molten  lava,  the  rise  of  which  to  (or  nearly  to)  the  outer 
surface  of  the  earth  had  produced  the  crater  by  sudden  and 
violent  explosions  of  no  long  continuance.  Certainly,  in  the 
cases  of  Lakes  Paven,  Guery,  Tavana,  Bouchet,  that  in  which 
*  Dada,  American  Journal,  1860,  vol.  ix.  p.  383. 
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the  Fontaolier  rises  above  Montpezat,  uid  many  other  pt- 
craten  irhich  I  have  penonally  exunined,  there  are  evident 
signs  of  the  eaoqw,  contemporaneous  vith  their  prodnctioa, 
of  abnndant  flows  of  lava  from  lateral  openings  at  some  little 
distance  from,  and  below  the  level  of,  the  crater. 

The  accompanying  cat  (fig.  G8)  gives  a  sketch  of  one  of 


Fig.5H. 


I»e  Ptrea,  >t  the  foot  of  Uont  Chalme  (Uont  Dore). 


these — the  LacFaven  (Mont Dore).  It  is  about  amile  tn  dr- 
cnmference,  and  lies  at  the  foot  of  the  cinder-cone  called  Mont 
Chalme,  visible  in  the  centre  of  the  view,  which  rises  to  a 
hoght  of  600  feet  from  its  base.  A  lower  bank  of  scons  also 
encircles  the  hollow  on  the  edge  of  the  steep  cliffs  which 
almost  everywlicre  encase  it.  These  last  are  composed  of 
basalt — a  portion  of  one  of  the  earlier  currents  from  the  Mont 
Dore — through  horizontal  beds  of  which  nearly  100  feet  thick 
the  crater  has  been  excavated.  At  the  opposite  side  of  Mont 
Chalme  is  a  breached  crater  which  has  given  issue  to  a  copious 
current  of  basaltic  lava  that  rapidly  descends  in  a  north- 
westerly direction  down  a  narrow  valley  to  the  town  of  Besse, 
which  is  built  upon  it.  The  surface  of  this  lava-stream  sinks 
very  much  in  the  middle  below  its  lateral  banks,  having  a 
concave  cross  section,  indicating  that  the  central  and  lower 
mass  continued  to  flow  down,  as  in  a  covered  channel,  long 
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after  the  surface  and  sides  had  been  consolidated.  Another 
very  extensive  lava-current  stretches  from  the  base  of  Mont 
Chalme  to  the  east,  and  appears  likewise  to  have  flowed  from 
thence.  At  its  presumed  source  there  is  a  small  depression 
having  at  the  bottom  an  orifice  opening  into  a  subterranean 
vaulted  cavity  of  unknown  dimensions,  but  certainly  of  con- 
siderable depth,  called  the  ^  Creux  de  Soucy.^  It  seemed  to 
me  probable,  from  a  close  inspection  of  the  localities,  that 
there  had  been  in  this  case,  at  the  time  of  the  eruption  of 
Mont  Chalme,  a  ^  tapping '  of  a  copious  pool  of  lava  which  had 
risen  within  the  crater  of  Paven,  and  occasioned  the  explosions 
by  which  it  was  hollowed  out ;  and  that  the  rapid  subsidence  of 
this  body  of  lava  by  lateral  efflux  had  emptied  both  that  cavity 
and  the  vaulted  cavern  of  the  lava  they  contained.  The  depth 
of  the  waters  of  Paven  is  now,  according  to  M.  Ramond,  about 
800  feet. 

I  incline  then  to  the  opinion  that  in  all  these  cases  the  lava 
having  risen  at  an  intense  temperature  up  some  fissure  into 
proximity  with  the  open  air,  the  vapour  imprisoned  in  its 
upper  portion — perhaps  having  the  form  of  a  disk-shaped 
bubble  or  blister  of  large  dimensions — flashed  out  in  explo- 
sions of  such  sudden  vehemence  as  to  shatter  the  adjoining 
and  overlying  rocks  throughout  a  circle  of  corresponding 
superficial  area,  at  the  same  time  projecting  upwards  a  certain 
amount  of  scoriae  and  lapillo ;  but  that  the  formation  of  a 
lateral  opening  at  the  same  time — perhaps  by  the  same 
shock — at  a  lower  level  quickly  emptied  the  flue  of  its  liquid 
contents,  bringing  its  explosions  to  an  early  termination  (or 
rather  transferring  them  to  the  new  vent),  and  allowed  the 
greater  portion  of  the  shattered  rocks  to  subside  without 
ftirther  disturbance  into  the  void  left  by  the  escape  of  the 
lava.  This  explanation  is  in  accordance  with  what  we  know 
of  the  occasional  rapid  shifting  of  the  eruptive  phenomena 
from  one  vent  to  another  on  the  same  fissure,  and  appears  to 
satisfy  all  the  conditions  of  the  problem.     Mr.  Squier  de- 
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scribes  a  great  number  of  circular  or  elliptical  crater-lakes 
in  Central  America  as  '^  surrounded  by  abrupt  clifis  of  blistered 
laya-rock  and  scoriae^  from  500  to  1800  feet  high/^  They  have 
rarely  any  risible  outlet  for  their  water,  which  is  usually  salt 
and  bitter.  The  level  of  the  lakes,  and  still  more  their  bottom 
(since  they  are  often  of  great  depth),  is  far  below  the  surfiEtce 
of  the  surrounding  country.  Two  of  these  lakes,  Slopango  and 
Amatitlan,  are  of  prodigious  area;  the  first  measuring  twelve 
miles  by  five,  the  latter  thirty  by  ten  or  fifteen*.  In  the 
absence  of  more  precise  information,  it  is  difficult  to  give 
an  opinion  as  to  the  origin  of  these  last  two  basins,  the 
dimenskms  of  which  seem  almost  to  place  them  in  a  class 
apart.  It  would  be  very  desirable  to  ascertain  whether  any 
ravines  or  valleys  in  their  neighbourhood  have  been  deluged 
by  lava  which  may  have  found  a  vent  there  from  within 
them.  We  have  no  eridence  on  this  point.  But  Mr.  Squicr 
describes  all  these  lakes  as  generally  lying  at  the  foot  of  some 
great  eruptive  volcano.  The  largest.  Lake  Amatitlan  (in  the 
province  of  Guatemala),  closely  adjoins  two  immense  volcanic 
mountains  that  rise  some  10,000  feet  above  it,  one  of  which, 
Atitlan,  was  in  eruption  in  1828,  and  again  in  1833,  and 
ejected  vast  quantities  of  stones  and  ashes  that  covered  the 
coast  for  many  leagues.  Another  adjoining  volcano  broke 
out  paroxysmally  in  1766,  and  overwhelmed  with  its  ejections 
villages  at  the  distance  of  nine  miles.  The  volcanic  forces  are 
indeed  developed  on  so  vast  a  scale  in  this  district,  that  there 
would  seem  no  reason  for  attributing  its  crater-lakes  (however 
large  their  area  in  some  few  instances)  to  any  special  or  ano- 
malous origin,  other  than  the  violent  explosions  of  steam- 
bubbles  to  which  I  have  referred  the  great  crateral  basins  of 
other  localities. 

§  13.  It  would  appear,  however,  that  in  some  cases  the 
eruption  of  volcanic  matter  is  accompanied  by  the  subsidence 
not  only  of  the  column  of  lava  which  had  risen  within  the 

•  Squier'8  '  Mexico,'  1860,  p.  270. 
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vent,  but  also  of  the  neigliboiiring  surface-rocks  themBelves. 
Several  of  the  cinder-cones  of  New  Zealand,  as  described  by 
Mr.  Heaphy,  liave  been  thrown  up  on  the  margin  of  the  sea 
exactly  upon  a  hue  of  &ult  in  the  tertiary  strata  whose  upcast 
forms  the  sea-cliff,  and  show  a  clear  synclinal  depression  of 
the  elsewhere  horizontal  beds,  on  either  side  towards  the 
emptiTe  vent  (see  fig,  59).     Mr.  Darwin  describes  several 

Fig.  59. 


«  near  Auckland  (New  Zealand). 
(From  Hr.  Heaphj'i  paper,  Qout  Journ.  Oeol.  Sac.  1859.) 

similar  examples  in  St.  Jago  (Cape  de  Yerde  Isles),  and  gives* 
a  drawing  of  one  (Signal- Post  Hill)  resembling  precisely  in 
character  that  represented  in  Mr.  Heaphy's  sketch. 

Such  subsidence  is  not  in  itnelf  an  improbable  consequence 
C^  the  outward  discharge  of  a  quantity  of  lava  and  of  elastic 
vapour  from  beneath  the  fractured  surface-rocks.  It  is,  how- 
ever, certain  that  in  many,  perhaps  the  greater  number  of 
volcanic  tracts,  the  reverse  has  taken  place ;  that  is  to  say, 
the  superficial  levels  of  the  country  adjoining  active  or  re- 
cently extinct  volcanic  vents  have  been  elevated  rather  than 
depressed.  I  may  mention,  as  examples,  the  whole  western 
coast  of  Italy,  the  southern  and  eastern  coasts  of  Sicily,  the 
Atlantic  groups  of  Iceland,  Madeira,  the  Azores,  the  Cape  de 
Verde  Isles,  Ascension,  and  St.  Helena.  Among  the  numerous 
•  Volcaiiic  IsUods,  p.  9. 
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volcanic  islands  of  the  Pacific^  marine  deposits  or  coral-banks, 
covered  by  or  alternating  with  volcanic  matters,  have  been 
raised  hundreds  of  feet  above  the  sea,  evidently  at  periods 
more  or  less  coincident  with  their  eruptive  eras.  Indeed, 
even  in  the  instances  just  given  of  local  subsidence  imme- 
diately adjoining  some  volcanic  vents,  the  general  line  of  coast 
simultaneously  suffered  considerable  elevation,  and  it  is  only 
by  comparison  that  the  strata  underlying  the  cones  appear 
to  have  sunk.  There  were  probably  in  such  cases  minor  local 
oscillations  of  level  accompanying  the  eruptions  of  these 
districts,  similar  to  those  which  have  been  so  minutely  traced 
by  Sir  Charles  Lyell,  Mr.  Babbage,  and  others,  in  the  shore 
of  the  Bay  of  Puzzuoli,  adjoining  the  Temple  of  Serapis — the 
result  in  that  instance  being  a  general  rise  of  the  coast,  inter- 
rupted by  local  depressions  on  a  small  scale. 

It  should,  however,  be  remarked,  that  while  the  elevation 
of  sea-beaches,  or  marine  deposits,  is  obvious  at  once  to  the 
eye,  proofe  of  depression  are  by  no  means  so  readily  discover- 
able, unless  in  those  very  rare  instances  where  sunken  forests 
or  works  of  human  art  are  observable  beneath  the  waves. 
Whatever  portions  of  the  earth^s  surface  may  have  so  sub- 
sided (and  not  risen  again  above  the  sea-level)  are  thenceforth 
usually  lost  to  sight.  It  is  only  within  a  very  few  years  that 
observation  has  been  directed  to  the  possibility  of  this  occur- 
rence; so  that  the  rarity  of  known  examples  of  the  kind 
cannot  be  accepted  as  any  indication  of  their  general  non- 
existence. I  shall  have  to  recur  to  this  subject  in  a  future 
page. 

§  14.  Tendency  of  volcanos  to  shift  their  principal  point  of 
discharge. — So  long  as  a  volcanic  mountain  preserves  on  the 
whole  a  conoidal  figure,  it  is  obvious  that  its  eruptions  must 
have  remained  constant  for  the  most  part  to  the  central  vent. 
Occasionally,  however,  as  has  been  shown,  the  ancient  habitual 
issue  at  the  summit  of  the  volcano  is  deserted,  in  favour  of 
some  new  aperture,  more  or  less  distant,  on  the  flank  or  at  the 

q2 
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foot  of  the  mountain,  which  consequently  loses  by  degrees  its 
regularity  of  form, — a  new  cone  forming  itself  around  the 
new  habitually  eruptive  orifice.  It  is  reasonable  in  this  case 
to  suppose  that  the  original  aperture  has  been  effectively — 
perhaps  permanently — sealed  up  by  the  immense  weight  and 
cohesion  of  the  matters  accumulated  above  it,  and  the  subter- 
ranean volcanic  energy  forced  to  open  a  fi*e8h  channel  at  some 
weaker  point,  probably  on  the  prolongation  of  the  primary 
fissure  in  the  overlying  rocks. 

Etna  offers  an  example  of  such  a  shifting  of  the  chief 
eruptive  vent  of  the  volcano.  This,  at  some  earlier  period, 
appears  to  have  existed  at  a  point  within  the  upper  basin  of  the 
Val  del  Bove,  from  which  a  general  quaquaversal  dip  of  the 
beds  observable  in  its  cliff-sections  may  be  traced.  This  point 
Sir  C.  Lyell  calls  the  axis  of  Trifoglietto.  The  formation  of 
the  great  irregular  crater  of  the  Val  waa  probably  the  result 
of  the  last  paroxysmal  eruption  from  that  centre.  The  more 
recent  and  still  active  vent  of  Mongibello  (the  summit  of 
Etna  proper),  whence  numerous  eruptions  of  more  or  less 
violence  have  occurred  within  the  historical  era,  is  distant 
some  four  or  five  miles  to  the  north-west  of  the  old  axis. 

It  is  noteworthy,  however,  that  the  latest  considerable 
eruption  (that  of  1852-^)  sent  forth  a  prodigious  and  almost 
unexampled  torrent  of  lava  from  two  or  three  fissures  opened 
in  the  immediate  vicinity  of  Trifoglietto,  and  near  the  centre 
of  the  old  caldron  of  the  Val.  The  summit-crater  of  Mon- 
gibello was,  it  is  true,  in  explosive  eruption  at  the  same  time ; 
and,  indeed,  the  vents  opened  along  a  fissure  radiating  from 
thence  downwards,  showing  that  the  lava  within  the  vol- 
canic focus  was  still  in  communication  with  the  atmosphere 
through  that  central  duct.  I  must  refer  my  reader  for 
further  details  on  this  interesting  eruption  to  Sir  C.  LyelPs 
able  paper*. 

In  Madeira  likewise  a  twofold   axis  of  eruption  is  very 

♦  PhiL  Trans,  part  ii.  1858. 
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dearly  to  be  traced  in  the  structure  and  external  forms  of  the 
great  mountain-masses.  The  Isle  of  Bourbon  presents  another 
instance  of  the  kind.  A  vast  central  crater  is  environed  by 
the  summit-heights  of  the  north-western  half  of  the  island. 
It  has  been,  to  aU  appearance,  extinct  from  a  very  early  period, 
the  rocky  masses  around  having  suffered  a  great  amount  of 
degradation,  probably  as  much  the  result  of  earthquakes — to 
which  that  part  of  the  island  is  much  subject — ^as  of  aiqueous 
erosion.  The  habitual  point  of  eruption  has  since  evidently 
shifted  its  position  more  than  once  in  the  same  (south-easterly) 
direction :  first,  to  a  distance  of  about  fifteen  mile& — ^the  Plain 
des  Calaos — where  a  flattened  dome  of  considerable  magnitude 
was  formed,  still  studded  with  cones  and  craters ;  next,  to  the 
site  of  the  actually  eruptive  volcano,  which  rises  in  a  dome  or 
cone  to  the  height  of  6000  feet  from  the  centre  of  a  vast 
semicircular  diff-range — the  walls  of  a  prodigious  crater, 
formed  by  some  explosive  paroxysm  of  extraordinary  violence^ 
and  which  subsequent  eruptions  have  nearly  filled  up  to  the 
brim  with  the  existing  volcano.     (See  figs.  49  &  50.) 

So,  again,  the  recent  volcano  of  Teneriffe  has  an  evident 
treble  axis :  that  of  the  Peak  proper,  which  is  not  known  to 
have  been  active  since  the  island  was  occupied,  though  its 
vitreous  lavas  have  a  very  recent  aspect,  and  its  small  summit- 
crater  emits  sulphureous  vapours ;  and  those  of  the  two  moun- 
tains closely  attached  to  it  on  either  side — Chahorra  on  the 
west  (whence  all  the  recorded  eruptions  have  taken  place — the 
last  in  1798),  and  Monte  Blanco  (now  wholly  extinct)  on  the 
east.  All  three  are  on  the  same  line — the  longest  diameter  of 
the  old  environing  crater-ring. 

In  Java,  according  to  Junghuhn,  several  of  the  larger 
volcanos  have  had  two  or  more  centres  ef  eruption — always 
ranging  on  the  same  line.  One  in  particular,  called  Gede, 
shows  a  regular  cone  9326  feet  high,  sloping  at  an  angle  of 
30°,  and  truncated,  like  Etna ;  while  a  twin  cone  adjoins  it, 
somewhat  less  lofty,  and  probably  earlier  in  point  of  age,  since 
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it  has  suffered  mucli  waste^  and  has  on  one  side  a  deep  valley 
comparable  to  the  Val  del  Bove — most  likely  therefore  an 
ancient  crater. 

In  truth,  such  a  shifting  of  the  eruptive  vent  along  the  line 
of  the  original  or  principal  disruption  of  the  solid  surface- 
rocks,  as  the  first-formed  vents  become  overloaded  with 
erupted  matters,  or  as  some  accident  of  fracture  may  deter- 
mine, is  so  probable  an  occurrence,  from  what  we  know  of 
the  general  nature  and  conduct  of  volcanic  energy,  that  we 
should  expect  to  find  it  (as  is  the  case)  a  very  common  feature 
in  all  districts  that  have  been  the  seat  of  such  phenomena. 

When  the  principal  crater  of  an  habitual  volcano  has  been 
in  this  manner  deserted,  it  often  remains  for  some  time  in  the 
condition  of  a  solfatara,  through  the  continued  emanation  of 
acid  vapours  from  the  residuum  of  heated  lava  left  in  the 
chimney  of  the  mountain.  These  vapours  find  their  way  by 
percolation  through  the  pores  of  the  solidified  rock,  or  crevices 
too  narrow  to  permit  any  fresh  intumescence  below.  Mean- 
time the  mass  of  lava  within  and  beneath  this  sealed-up  vent 
is  most  likely  cooling  down  by  degrees.  But  the  process 
may  last  for  centuries ;  as  has  been  the  case  with  the  sol- 
fatara of  Puzzuoli,  which,  from  the  white  colour  of  its  altered 
rocks,  was  called  XevKoyaio^  by  Homer.  The  small  crater 
of  the  Peak  of  Teneriffe  is  in  this  condition,  as  was  just 
stated.  Many  of  the  craters  of  the  Javanese  volcanos  are 
solfataras. 

These  languid  emanations  of  vapour  appear  to  be  chiefly 
confined  to  the  trachytic  volcanos;  perhaps  because  their  lavas, 
when  solidified,  are  so  much  more  porous  than  basalt.  Their 
action  upon  these  rocks,  and  the  various  saline  and  earthy 
substances  derived  from  it,  have  been  already  noticed. 

§  15.  Before  quitting  the  subject  of  Volcanic  Craters,  a 
word  should  be  said  on  the  remarkable  resemblance  pre- 
sented by  the  surface  of  the  Moon  to  some  of  the  volcanic 
tracts  of  our  Earth  which  are  most  plentifully  studded  with 
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crateriform  hollows  surrounded  by  subcorneal  banks.    The 
analogy  is  so  close,  that  it  is  impossible  for  a  moment  to 
doubt  the  volcanic  character  of  the  lunar  enveloping  crust. 
The  generality  of  these  craters/'  says  Sir  John  Herschel^ 

present  a  striking  uniformity  and  singularity  of  aspect.  They 
are  wonderfully  numerous,  occupying  by  far  the  larger  portion 
of  the  Moon's  visible  surface,  and  almost  universally  of  an 
exactly  circukr  or  cup-shaped  form,  foreshortened,  of  course, 
into  ellipses  towards  the  limb.  But  the  larger  have,  for  the 
most  part,  flat  bottoms  within,  from  which  rises  centrally  a 
small  steep  conical  hill.  They  offer,  in  short,  in  its  highest 
perfection,  the  true  volcanic  character,  as  it  may  be  seen  in  the 
crater  of  Vesuvius,  or  in  a  map  of  the  volcanic  district  of  the 
Campi  Phlegrsei  or  of  the  Puy  de  Ddme.  And  in  some  of  the 
principal  ones,  marks  of  volcanic  stratification,  arising  from 
successive  deposits  of  ejected  matter,  may  be  clearly  traced 
with  powerful  telescopes.  In  Lord  Rosse's  reflector,  the  flat 
bottom  of  Albatignius  is  seen  to  be  strewed  with  blocks  not 
visible  by  inferior  telescopes ;  while  the  exterior  of  another 
(Aristillus)  is  all  hatched  over  with  deep  gullies ''  (like  the 
Javanese  volcanos  described  by  Junghuhn) '' radiating  towards 
its  centre." 

I  subjoin,  for  the  purpose  of  comparison,  maps  of  two 
districts,  one  of  Terrestrial,  the  other  of  Lunar  surface  (figs.  60 
&61).  The  latter  is  taken  from  the  environs  of  the  crateral 
mountain  Maurolychus ;  the  former  from  the  Phlegrsean  fields 
adjoining  Naples,  and  includes  Vesuvius.  From  some  of  the 
loftiest  and  largest  mountains  of  the  Moon  (not  represented  in 
the  woodcut)  there  stretch  outwardly  on  all  sides  numerous 
radiating  lines,  reflecting  a  brilliant  light,  and  therefore  ele- 
vated like  causeways  above  the  intervening  shadowy  hollows. 
These  are  probably  either  lava-streams  that  have  flowed  to 
great  distances  from  the  central  eruptive  heights,  or  dykes 
protruded  upwards  in  vertical  ridges  from  radiating  fissures — 
a  mode  of  eruption  already  noticed  as  characterizing  some 
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trachytic  and  phonolitic  lavas.     For  example,  the  volcano  of 

Pichincha  Ih  described  by  Humboldt  as  a  lofty  long-drawn 

ndge  leadmg  up  to  a  atdl  higher  crater — a  description  precisely 

Fig  60. 


Map  of  T«rreitrial  Volcanic  surfaoe— The  Cunpi  Phlegmi. 
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of  the  Mezen  (see  p.  135)  is  another  example.  Some  of  these 
great  dykes  or  currents^  indeed^  proceeding  from  the  higher 
mountains^  traverse  wide  areas  of  the  Moon's  surface^  crossing 
the  lai^est  of  those  dusky  hollows^  resembling  dried-up  sea- 
basins^  which  form  so  conspicuous  a  feature  in  the  face  of  the 
planet.  One  thing  seems  certain^  namely^  that  the  lunar  sur- 
face is  no  longer  eruptive — at  leasts  that  its  volcanos  have 
been  quiescent  for  centuries,  since  no  change  has  been  ob- 
served by  astronomers  in  its  mountains.  It  bears,  indeed,  the 
aspect  of  a  burnt-out  globe,  once  imbued  with  volcanic  life 
and  intense  outward  activity,  probably  with  seas  and  an 
atmosphere,  now  dried  up  and  extinct — at  least  as  respects 
the  hemisphere  which  alone  we  are  able  to  contemplate,  and 
which,  by  an  excentricity  in  its  centre  of   gravity,  seems 

our  larger  and  denser  planet. 

Compared  with  those  of  the  Earth,  the  lunar  craters  are 
far  more  numerous  (in  proportion  to  the  respective  areas  of 
the  planets)  and  more  generally  distributed,  their  interior  is 
deeper,  their  diameter  greater,  and  their  external  banks  shal- 
lower. They  most  nearly  resemble  the  pit-craters  and  larger 
crater-lakes  I  have  described  as  rather  exceptional  in  their 
characters.  Judging  from  this  analogy,  I  suspect  them  to 
have  derived  these  peculiar  features  from  the  explosions  of 
vapour  that  produced  them  breaking  through  a  surface  of  soft 
and  semi-liquid  matter  in  successive  bubbles,  whose  bursting 
would  throw  off  all  round  a  concentric  ridge  formed  of  re- 
peated layers  of  this  substance — as  was  remarked  of  the  very 
similar  crater-cones  of  the  Fhlegrsean  fields  and  of  New  Zea- 
land, which  were  so  formed  on  a  shallow  sea-shore. 

If  a  shallow  pan  (a  common  frying-pan)  be  filled  to  the 
depth  of  an  inch  or  two  with  plaster-of-paris  mixed  with  water 
in  which  glue  has  been  dissolved  (to  prevent  too  rapid  setting) 
to  the  consistency  of  paste,  and  placed  on  a  stove,  so  as  to 
cause  the  water  in  its  lower  stratum  to  boil  with  some  violence. 
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the  babbles  that  break  repeatedly  irom  its  sarface,  following 
one  another  in  succession  upon  the  same  points,  leave  at  last, 
when  all  the  fluid  has  evaporated,  Dumerons  deep  circular 
pita,  with  a  low  bank  of  matter  around  each,  so  closely  re- 
sembling those  on  the  face  of  the  Moon,  that  it  is  difficult  to 
resist  the  conviction  of  the  latter  having  originated  in  some 
very  analogous  process,  however  different  the  scale  of  opera- 


OnhaiD  Isle  (or  lie  Julie),  thrown  up  by  s  Bubnurine  Tolc&no,  aS*the 
west  cooBtof  Sidly,  SeptomW  1831. 
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CHAPTER  X. 


SUBAQUEOUS  VOLCANOS. 


§  1.  As  yet  oiir  attention  has  been  confined  to  the  phenomena 
of  those  volcanic  vents  which  open  at  once  in  the  atmosphere ; 
but  it  must  not  be  forgotten  that  eruptions  are  liable  to  take 
place  on  any  point  of  the  globe's  surfiEu^e^  and  therefore  as  well 
on  that  part  which  is  covered  by  permanent  bodies  of  water  as 
on  that  which  is  dry. 

Indeed,  from  the  far  greater  extent  of  the  former,  which 
exceeds  the  latter  in  the  proportion  nearly  of  three  to  one, 
we  might  expect  the  number  of  subaqueous  eruptions  in 
the  same  proportion  to  exceed  those  that  take  place  in  open 
air.  It  must,  however,  be  remembered  that  the  repetition  of 
eruptions  from  the  same  vent  will  sooner  or  later  have  the 
effect  of  raising  the  apex  of  a  submarine  volcanic  mountain 
above  the  level  of  the  sea,  and  that,  with  probably  the  greater 
number  of  habitual  submarine  vents,  this  limit  of  elevation 
has  already  been  reached,  and  they  have  become  visible  as 
insular  volcanos. 

It  is  very  seldom  that  an  opportunity  is  afforded  of  ob- 
sei*ving  a  volcanic  eruption  from  the  bottom  of  the  ocean, 
or  any  inland  sea.  The  resistance  created  by  the  greater 
density  of  the  medium  and  its  refrigerating  influence  are 
likely  to  prevent  the  explosions  of  steam,  in  most  instances, 
from  taking  place  at  all — at  least  from  reaching  its  sur- 
face, and  at  all  times  from  attaining  any  great  height  above 
that  level,  and,  consequently,  being  visible  at  any  consider- 
able distance.  It  is  only  to  the  crews  of  vessels  casually 
passing  near  that  such  an  opportunity  can  occur.     We  must 


236  EXAMPLES  OP  SUBMABINE  ERUPTIONS. 

not  expect,  therefore,  to  be  possessed  of  many  accounts  of 
such  phenomena. 

§  2.  Instances,  however,  are  not  wholly  wanting,  and  the 
details  of  what  has  been  observed  on  these  occasions  lead  us  to 
conclude  that  the  volcanic  phenomena  take  place  very  much 
in  the  same  manner  &om  the  bottom  of  the  sea  as  from  the 
open  siirface  of  a  continent,  subject  only  to  modifications  pro- 
duced by  the  lower  temperature  of  the  surrounding  medium, 
and  the  greater  external  pressure,  caused  by  the  weight  of  .the 
overlying  colimin  of  water,  which  in  this  case  becomes  one  of 
the  elements  of  the  repressive  force.  In  fact  it  can  scarcely 
be  otherwise,  since  we  know  that  the  instant  the  cone  of  the 
submarine  volcano  raises  its  peak  above  the  waves,  it  enters 
into  the  class  of  subaerial  volcanos,  and  the  nature  of  its 
activity  is  in  all  respects  precisely  the  same  as  that  of  a  con- 
tinental vent. 

The  principal  instances  which  have  been  witnessed  of  sub- 
marine eruptions  are : — 

1.  Several  successive  eruptions  off  St.  Michael,  one  of  the 
Azores ;  the  first  on  record  in  1638* :  two  other  erup- 
tions took  place  from  the  spot  in  1691  and  1720;  the  last 
produced  an  island  six  miles  in  circumference,  which, 
however,  before  long  disappeared.  In  1812  it  was  re- 
formed at  a  spot  previously  300  feet  deep.  The  new 
island  was  taken  possession  of  by  Captain  Tillard  for  the 
British  Government,  and  named  Sabrina.  It  was  150 
feet  in  height  above  the  sea-level,  and  about  a  mile  in 
circumference.  The  explosive  jets  of  scoriae  lasted  for  six 
days,  during  which  its  growth  was  watched.  In  the  course 
of  a  few  years  it  had  been,  like  that  previously  formed 
there,  wholly  washed  away  by  the  waves,  and  replaced  by 
deep  water. 

2.  An  eruption,  continued  at  intervals  for  five  years,  gave 

*  Sander8on*8  Hist,  of  Charles  I.     M^moires  de  rAcad^mie,  1721. 
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birth  to  the  Isola  Nuova  off  Santorini^  in  the  Grecian 
Archipelago^  in  1707-12*.  It  measures  four  miles  in 
circumference  at  the  sea-level.  Santorini  itself  is  re- 
ported by  Pliny  to  have  been  produced  in  the  same 
manner  b.c.  236^  as  well  as  two  other  neighbouring  islets^ 
Jera  and  Thia^  now  the  Oreat  and  Little  Kaimenis.  All 
three  rise  in  the  centre  of  the  vast  broken  crater-ring  of 
S^ntorini^  already  described  (p.  200)*. 

3.  An  island  was  thrown  up  at  some  distance  from  the  coast 
of  Iceland  during  the  violent  eruption  from  Skaptar  Jokul 
in  1783.     This  likewise  has  since  disappeared. 

4.  A  new  volcanic  island  was  formed  in  the  Aleutian  group 
near  Unalashka  in  the  spring  of  1796^  called  Bojuslaw 
by  the  Russian  hunters  f.  It  was  at  first  250  feet  high ; 
but  in  1816,  from  the  continuance  of  its  activity,  it  had 
increased  to  a  height  of  3000  feet,  and  a  circumference 
of  twenty  miles. 

5.  The  Isle  Julia  (otherwise  called  Oraham^s  Isle),  off  the 
south-west  coast  of  Sicily,  thrown  up  in  1831,  on  a  spot 
where  100  fathoms  of  water  existed  a  few  years  before. 
(See  vignette,  p.  234.)     It  disappeared  shortly  after. 

6.  On  the  coast  of  New  Granada,  near  Carthagena,  in 
1848,  a  colimin  of  fire  and  smoke  rose  to  a  great  height 
from  the  sea,  continuing  for  several  days.  A  small  island 
of  lapillo  and  black  sand  was  found  there  after  the  close 
of  the  eruption  J. 

7.  M.  Daussy  and,  after  him,  Mr.  Darwin  have  collected 
various  reports  tending  to  show  the  existence  of  a  consi- 
derable tract  of  volcanic  sea-bottom  beneath  the  Atlantic, 
nearly  midway  between  Cape  Falmas  on  the  west  coast  of 
Africa  and  Cape  St.  Roque  on  the  east  coast  of  South 
America ;  that  is,  in  the  narrowest  part  of  the  ocean  be- 
tween the  two  continents.    Earthquake-shocks  have  been 

♦  Hist,  de  r  Acad^mie,  1708.    Humboldt,  Pere.  Nanr.  vol.  i.  p.  448. 
t  Kotzebue.  X  Comptes  RenduB,  xxix.  p.  631. 
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repeatedly  felt  by  vessels  passing  over  this  disturbed  area, 
which  measures  about  nine  degrees  from  east  to  west,  and 
three  to  four  degrees  from  north  to  south.  The  sea  has 
been  observed  to  be  powerfully  agitated  in  the  absence  of 
wind,  muffled  sounds  heard  from  beneath,  vessels  struck 
as  if  by  a  bank  or  rock,  columns  of  smoke  seen  to  rise, 
and  scoriae  or  pumice  found  floating  in  abundance  there. 
In  some  spots,  islets  of  sand  or  cinders  have  been  seen  to 
rise  above  the  water-level,  but  have  subsequently  dis- 
appeared. In  some,  shallow  soundings  are  met  with ;  in 
others  none  can  be  obtained. 

On  all  these  occasions  columns  of  smoke  (steam,  mixed  with 
ash)  by  day,  and  flames  (jets  of  red-hot  scoriae)  by  night,  were 
seen  to  rise  from  the  sea,  which  was  considerably  agitated,  dis- 
coloured, and  heated  to  such  a  degree  as  to  kill  numbers  of  fish. 

At  length  the  dark-coloured  rocks  showed  themselves  above 
.  the  sea-level.  These,  in  the  cases  of  Santorini  and  the  North 
Pacific  Island,  were  lithoidal  (lava)  as  well  as  fragmentary, 
and  the  island  produced  by  those  eruptions  has  consequently 
remained  firm ;  in  the  other  instances,  the  fragmentary  cone 
alone  appears  to  have  risen  above  the  water-level,  and  the 
action  of  the  waves  and  marine  currents  upon  such  loose 
matters  soon  mined  and  degraded  them,  reducing  the  island 
to  a  submarine  shoal. 

The  reports  of  actual  observation  in  these  instances,  indeed, 
lead  to  the  opinion,  that  a  volcanic  eruption  taking  place  fix)m 
a  subaqueous  vent  at  a  moderate  depth  below  the  surface  of 
the  water,  conducts  itself  in  a  manner  very  little,  if  at  all,  difier- 
ent  from  a  subaerial  one.  The  same  explosions  of  aeriform 
fluids  are  observed :  rocky  fragments,  ignited  scoriae,  and  their 
comminuted  ashes  are  thrown  upwards ;  the  heavier,  in  falling, 
accumulate  round  the  vent  into  a  cone  with  a  central  crater, 
while  the  lighter  are  borne  to  a  distance  by  the  tides  and 
currents  of  the  sea.     Lava  probably  issues  and  spreads  over 
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the  subaqueous  bottom^  seeking  the  lowest  levels,  or  accumu- 
lating upon  itself,  according  to  its  liquidity,  Tolume,  and 
rapidity  of  congelation — ^following,  in  short,  the  same  laws  as 
when  flowing  in  open  air. 

Humboldt  and  Yon  Buch  have  both  declared  their  belief, 
that  in  submarine  eruptions  the  strata  previously  forming 
the  bottom  of  the  sea  are  imiformly  elevated  in  mass,  and  that 
positive  eruptions  do  not  take  place  from  the  vent  until  these 
strata  have  been  raised  above  the  surface-level  of  the  water. 
Their  opinion  on  this  point  has  been  followed  by  several 
other  continental  geologists,  as  also  by  Dr.  Daubeny.  This 
supposition  is  not,  however,  warranted  by  any  observations, 
since,  in  all  the  cases  already  mentioned,  the  only  rocks  which 
showed  themselves  above  the  sea-level  were  uniformly  lavas, 
either  lithoidal  or  fragmentary,  evidently  the  products  of  the 
eruption  by  which  they  were  raised  *. 

§  8.  It  is  true  that,  at  considerable  depths,  the  va^t  aug- 
mentation of  the  repressive  force  occasioned  by  the  pressure  of 
the  column  of  water  above  the  vent  must  proportionately  im- 

*  It  is  remarkable  how  closely  the  relation  by  Seneca  of  the  produc- 
tion of  the  island  of  Hiera  corresponds  with  the  phenomena  which  in  the 
present  day  we  are  led,  by  a  fuller  study  of  similar  facts,  to  believe  to 
characterize  such  submarine  eruptions : — **  Majorum  nostrorum  memorift, 
ut  Posidonius  tradit,  cum  insula  in  JEgeo  mari  surgeret,  spumabat  inter- 
diu  mare,  et  fumus  ex  alto  fere^atur.  Nam  primum  producebat  ignem, 
non  continuum,  sed  ex  intervallis  emicantem,  fulminum  more,  quoties 
ardor  inferius  jacentis  superum  pondus  evicerat.  Deinde  saxa  revoluta, 
rupesque,  partim  illsBsse,  partim  exsBsse  et  in  levitatem  pumicis  versao. 
Novissime  cacumen  montis  emicuit  Postea  altitudini  adjectum,  et  saxum 
illud  in  nuignitudinem  insulse  crevit.'* — "  Within  the  memory  of  our  an- 
cestors, as  Posidonius  relates,  when  an  island  rose  in  the  JSgean  Sea,  the 
sea  for  a  time  bubbled  up,  and  smoke  [vapour]  was  emitted  from  its 
depths.  At  first  it  threw  out  flames  "  (red-hot  stones  probably),  "  not 
continuously,  but  spirting  up  at  intervals,  like  lightnings,  as  often  as  the 
vigour  of  the  fire  undemeiith  overcame  the  weight  above.  Then  stones 
were  driven  out,  and  rocky  masses,  partly  uninjurei^"  (by  the  fire ;  t^  e. 
fragments  of  pre-existing  rocks),  ''partly  eaten  into  and  converted  to  light 
pumice.  Lastly,  the  sunmiit  of  a  hill  appeared ;  and  afterwards  increased 
in  height,  till  that  rock  grew  to  the  size  of  the  [existing]  island." 
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pede  the  ebullition  of  the  lava  to  which  any  fissure  of  escape 
penetrates.  It  is  therefore  probable  that,  at  depths  exceeding 
several  hundred  feet,  there  will  occur  no  development  of  steam 
on  the  large  scale,  and  that  either  the  rocks  forming  the  sea- 
bottom  are  elevated  by  the  intumescence  of  the  lava  beneath 
them,  until  they  reach  the  point  at  which  the  tension  of  the 
confined  vapour  can  overcome  the  pressure  arising  from  the 
superincumbent  column  of  water,  or  lava  alone  may  issue, 
and  be  piled  in  a  dome-like  mass,  up  to  the  same  point,  whence 
alone  eruptive  explosions  can  occur.  But  it  should  be  recol- 
lected, that  since  the  weight  of  the  column  of  water  at  any 
depth  must  be  added  to  the  sum  of  the  repressive  forces  by 
which  any  eruption  whatever  at  that  pqint  is  resisted,  so,  when 
the  expansive  force  of  the  confined  lava  does  at  length  over- 
come this,  the  temperature  and  tension  of  the  confined  inter- 
stitial vapour  must  be  proportionately  intense. 

It  is  also  probable  that  the  vapour  which  escapes  from  the 
lava,  even  at  moderate  depths,  will  be  instantly  refrigerated, 
by  contact  with  the  colder  strata  of  water  through  which  it 
passes  in  its  ascent,  and  condensed  (as  in  the  refrigerator  of  a 
steam-engine) ;  so  that,  until  the  submarine  volcanic  hill  has 
risen  to  within  a  short  distance  of  the  atmosphere,  no  volumes 
of  vapour  will  rise  to  the  surface,  and  consequently  no  visible 
aeriform  dischai^es  will  announce  the  occurrence  of  eruptions 
in  the  depths  of  the  ocean. 

Torrents  of  lava  will  probably  be  poured  out,  rock-masses 
fractured,  elevated,  and,  perhaps,  their  fragments  pushed  up  to 
a  certain  height,  by  every  such  eruption,  and  much  disturbance 
occasioned  in  any  sedimentary  beds  in  course  of  deposition  on 
the  floor  of  the  sea.  But  until  the  accumulation  of  these 
matters  shall  have  raised  the  orifice  of  the  mountain  to  such 
a  height  that  the  aqueous  vapour  it  discharges  is  no  longer 
wholly  condensed  by  the  pressure  and  refrigerating  action  of 
the  surrounding  water  as  it  rises,  no  other  appearance  of  its 
eruptions  will  be  visible  from  without  than  what  consists  in 
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the  partial  discoloratiou  and  disturbance  of  the  water  aboye 
the  Tolcano. 

When  therefore  the  eruption  becomes  visible^  and  the 
steam  produced  below  is  dischai^ed  fix)m  the  surface  of  the 
sea^  and  particularly  when  it  is  seen  to  throw  up  scoriae^  it 
may  be  safely  argued  that  the  summit  of  the  submarine  vol- 
cano is  at  no  great  depths  and  that  only  a  short  continuance 
of  eruption  is  required  to  raise  it  above  the  sea-level^  and 
create  a  new  subaerial  volcanic  island^  more  or  less  perma- 
nent, according  to  the  more  or  less  solid  nature  of  its  mate- 
rials, and  the  power  of  the  marine  waves  or  currents  to  which 
it  is  exposed  *. 

§  4.  The  mineral  or  saline  compounds  which,  in  greater  or 
less  quantities,  always  accompany  the  aqueous  vapour  evolved 
from  a  volcanic  vent,  will,  on  its  condensation,  mingle  with  the 
waters  of  the  ocean,  and  add  to  the  ingredients  of  the  same 
nature  with  which  they  are  impregnated,  and  which,  it  may 
be  conjectured,  were  originally  derived  in  great  part  from  the 
continuance  through  countless  ages  of  this  source  of  supply. 

§  5.  Disposition  of  products  of  sybmarine  volcanos. — ^Though 
the  volcanic  phenomena  seem  to  be  essentially  the  same,  whe- 
ther acting  from  a  subaqueous  vent  or  one  in  open  air,  yet 
the  difference  of  the  medium  into  which  the  eruption  breaks 
forth  must  considerably  modify  the  disposition  of  the  sub- 
stances produced. 

Fragmentary  rocks. — ^As  has  been  already  said,  a  large  por- 
tion of  the  matters  thrown  up  will  accumulate  inmiediately 
around,  into  a  cone ;  but  those  which,  when  the  orifice  ap- 
proaches the  surface  of  the  water,  are  scattered  to  any  height 
by  gaseous  explosions,  and  particularly  the  lightest  and  finest 
of  the  fragmentary  matters,  will  remain  suspended  for  a  con- 
siderable time  in  the  agitated  fluid,  imparting  to  it  a  turbid 

*  In  a  subsequent  chapter  I  shall  refer  to  Mr.  Mallet's  view  of  the 
action  of  submarine  volcanos  as  the  cause  of  earthquakes — a  view  from 
which  I  am  obliged  to  dissent 
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colour^  and  upon  the  cessation  of  the  disturbing  causes  be 
gradually  and  evenly  deposited^  over  a  large  surface  of  the 
bottom  of  the  ocean^  in  the  form  of  sedimentary  layers.  Those 
composing  the  upper  part  of  the  cone  itself  will  also  probably 
before  long  be  carried  oflf  by  marine  currents  and  likewise 
spread  over  extended  areas. 

Thus^  no  doubt^  were  formed  the  stratified  and  conchiferous 
tuffs  which  cover  the  maritime  plains  of  Western  Italy,  the 
Campagna  di  Roma,  and  the  Terra  di  Lavoro ;  and  which 
have  penetrated  the  proximate  valleys  of  the  Apennines,  then 
maritime  creeks  or  estuaries,  but  since  raised  above  the  sea 
by  a  general  elevation  of  the  western  shore  of  the  Peninsula. 
Pumice,  it  is  well  known,  floats  upon  water ;  when,  therefore, 
the  fragmentary  ejections  are  of  this  nature,  they  may  be 
driven  by  winds  or  currents  often  to  very  great  distances,  and 
deposited  on  the  shores  towards  which  the  currents  set. 

If  the  waters  beneath  which  the  eruption  occurs  are  im- 
pr^nated  with  calcareous  matter,  the  tufib  formed  in  this 
maimer  will  have  a  calcareous  cement,  and  will  contain  sea- 
shells,  &c. ;  or  will  occasionally  alternate  with  the  limestones 
or  calcareous  sandstones  deposited  by  the  surrounding  ocean. 

In  this  manner  were  produced  the  calcareous  and  conchi- 
ferous Peperinos  of  the  Veronese,  Vicentino,  and  the  Euga- 
nean  Hills ;  of  Southern  Sicily ;  of  the  freshwater  basin  of  the 
Limagne  d^Auvei^e ;  of  the  Deccan ;  of  the  Pampas  plains 
of  S.  America,  and  numerous  other  localities ;  where  basalt,  as 
well  as  calcareo-basaltic  conglomerates,  are  found  to  alternate 
repeatedly  with  regular  strata  of  limestone. 

When  the  comminuted  and  pulverized  ejections  of  a  vol- 
canic eruption  taking  place  at  or  about  the  water-level  are  of 
such  a  nature  as  to  'set'  when  mixed  with  water,  which  we 
have  seen  to  be  the  case  with  felspathic  ash,  it  appears  that 
the  matter  constituting  the  cone,  being,  from  the  vicinity  of  the 
vent,  mixed  by  frequent  agitation  with  the  surrounding  water 
into  a  thick  mud  or  kind  of  mortar — perhaps  influenced  like- 
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wise  by  the  intense  heat  emanating  firom  the  volcanic  orifice 
— sabeequently  assumes  a  greater  coiuisteiicy  and  solidity 
than  the  ash  vhich  was  deposited  as  sediment  at  a  distance 
&om  the  volcanic  mouth,  or  showered  upou  the  surface  of  the 
cone  itself,  after  its  rise  above  the  water-level. 

Thus  the  tuff  which  constitutes  the  lower  part,  or  nndeus, 
of  the  eminences  surrounding  the  sabmariBe  enters  of  the 
Phl^Tseau  fields  is  sufficiently  solid  to  be  worked  as  a  build- 
ing-stone ;  while  the  intervening  flat  spaces  consist  of  looee 
tnff,  identical  in  composition  with  the  other,  and  differing 
only  &om  it  in  the  incoherence  of  its  materials.  These  beds 
of  looee  tuff  are  found  also  on  the  surfaces  of  the  haider 
cones.    The  difference  of  solidity  between  these  varieties  ap- 
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pears  to  consist  in  the  former  having  set,  or  effected  a  d^^ee 
of  attractive  cohesion,  during  its  desiccation.  Indeed,  the 
escape  of  volumes  of  steam  firom  a  volcanic  vent  but  a  little 
below  the  surface  of  a  body  of  water  must  probably  take  place 
by  the  belching  up  of  many  large  bubbles  of  thick  mud,  which, 
as  they  burst,  will  throw  off  the  clotted  matter  on  all  sidea  in 
great  circular  waves,  likely  to  form,  when  subsequently  solidi- 
fied,  those  thick  beds  of  puuiiceoas  tuff,  usually  showing  a  qoa- 
quaversal  dip  fixim  the  eruptive  axes,  often  arranged  in  curved 
anticlinal  ridges,  which  we  meet  vrith  near  Naples,  and  in  other 
sites  of  felspathic  littoral  eruption.  The  Cape  of  MiseDTim 
(fig.  62)  Ls  an  example  of  the  summit  of  a  cone  formed  by 
a2 
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such  submarine  explosions.  The  tuff  of  which  it  is  composed 
has  considerable  solidity^  as  indeed  is  proved  by  the  resistance 
it  still  offers  to  the  waves  of  the  Mediterranean.  The  little 
insular  cone  of  Nisida^  at  the  extremity  of  the  promontory  of 
Pausilipo^  shows  an  almost  identical  composition  and  structure 
where  the  banks  of  its  breached  crater  are  denuded. 

§  6.  lAthoidal  products  of  subaqueoiLS  eruptions, — There  can 
be  little  doubt  that  the  same  laws  will  influence  the  dispo- 
sition of  lavas  produced  below  any  body  of  water  from  a  sub- 
aqueous volcanic  orifice,  as  when  emitted  in  open  air.  They 
will  in  the  same  manner  spread  laterally  beneath  the  cover  of 
a  scoriform  envelope^  with  a  rapidity  and  to  an  extent  pro- 
portioned to  the  expulsive  force,  their  fluidity,  and  the  perma- 
nence  of  that  fluidity,  as  well  as  the  accidents  of  level  in  the 
surrounding  surfaces. 

Of  these  circumstances,  the  first,  viz.  the  expulsive  force, 
is  only  so  far  influenced  by  the  pressure  of  the  superior 
column  of  water,  as  to  need  a  greater  effort,  and  therefore, 
perhaps,  a  higher  temperature  in  the  lava,  to  balance  the 
corresponding  increase  thereby  caused  in  the  total  amount  of 
the  repressive  force.  Increased  temperatiu-e  may  increase  the 
fluidity  of  the  lava,  at  the  moment  of  its  emission  from  the 
vent;  and  the  permanence  of  this  character  is  probably 
rather  augmented  than  lessened  by  the  nature  of  the  medium 
with  which  the  liquid  lava  is  brought  in  contact, — the  surface 
being  instantaneously  consolidated,  and  the  upward  rise  and 
escape  of  the  vapour  prevented  by  the  refrigerating  influence 
of  the  cold  water,  and  by  the  intense  external  pressure  acting 
on  the  surface  of  the  current. 

Thus  we  should  expect  lava-beds  produced  at  the  bottom  of 
the  sea  to  exhibit  a  greater  lateral  extension  compared  to  their 
thickness  than  those  which  have  flowed  under  the  pressure  of 
the  atmosphere  alone,  and  that  this  extension  should  be  pro- 
portionate to  the  depth  of  the  column  of  water  they  supported. 
This  reasoning  would  seem  to  be  confirmed  by  the  generally 
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great  horizontal  dimensions  of  those  lava-beds  which  are  con- 
sidered as  of  submarine  origin^  such  as  the  bulk  of  the  earlier 
trap  formations ;  e,  g,  those  of  Iceland^  Ferroe,  Ireland^  the 
Hebrides^  Germany,  &c.,  which  usually  occur  in  parallel, 
widely-extended  sheets. 

Again,  it  must  be  expected  that  currents  of  lava  which 
have  flowed  at  great  depths  under  water  will  present  com- 
paratively few  scoriform  parts.  This  character  has,  in  fact, 
been  generally  observed  amongst  the  older  submarine  traps. 
It  may,  however,  in  part  be  owing  to  the  denuding  influence 
of  the  waves  or  currents. 

Vesicles,  on  the  contrary,  may  be  expected  to  abound  in 
the  interior  of  the  lava,  whenever  its  liquidity  was  sufficient 
to  permit  the  agglomeration  of  the  vapour  into  parcels — the 
bubbles  expanding  as  the  lava  flows  on — while,  for  the  reason 
mentioned  above,  very  few  will  make  their  escape  by  rising 
outwardly.  The  Floetz-trap  formations,  as  the  earlier  volcanic 
rocks  were  formerly  called,  are  frequently  vesicular,  or,  rather, 
amygdaloidal. 

We  have  'already  noticed,  in  a  former  chapter,  the  occasional 
occupation  of  such  cellular  cavities  and  pores  in  a  lava-rock, 
subsequently  to  its  consolidation,  by  crystallized  minerals, 
deposited  from  water  penetrating  these  interstices ;  and  it  is 
obvious  that  a  bed  of  lava,  existing  for  a  long  period  under  the 
surface  of  the  sea,  and  exposed  to  an  intense  pressure,  will  be 
far  more  liable  to  the  percolation  of  water  in  this  manner 
through  its  substance,  than  when  consolidated  in  air.  As 
those  elastic  fluids  which  remaiQ  in  it  subsequently  to  its  con- 
solidation are  slowly  condensed  by  refiigeration,  they  tend  to 
produce  a  vacuum  in  the  cavities  they  occupy,  and  oppose 
no  resistance  to  the  penetration  of  water  from  above,  which  is 
urged  to  descend,  not  by  its  own  weight  alone  and  that  of  the 
atmosphere,  as  in  the  case  of  a  subaerial  rock,  but  by  that  of 
the  whole  supported  column  above  in  addition. 

It  is  also  obvious  that  the  various  mineral  substances  con- 
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tained  in  the  water  of  the  sea^  by  entering  into  new  combina- 
tions with  the  silex  and  other  substances  volatilized  or  dissolved 
in  the  condensed  vapours  of  the  lava^  may  occasion  the  crystal- 
lization of  new  minerals  within  the  vesicles  and  minute  inter- 
stices of  the  rock ;  and  this  may  serve  to  account  for  the 
numerous  varieties  of  zeolites  and  other  minerals  that  cha- 
racterize the  amygdaloidal  basalts  and  traps^  of  which  the 
greater  number  certainly  have  been  produced  by  subaqueous 
Tolcanos.  The  slowness  with  which  these  substances  are 
separated  from  their  aqueous  menstruum  is  probably  the 
cause  of  the  great  regularity  and  perfection  of  their  crystalline 
form*. 

§  7.  In  the  case  of  subaqueous  eruptions^  it  will  rarely  be 
possible  to  distinguish  whether  they  take  place  from  a  new  or 
an  habitual  vent.  Both  circimistances^  no  doubt^  will  occur^ 
as  in  subaerial  volcanos. 

The  eruptions  that  threw  up  the  Kaimenis^  already  men- 
tioned more  than  once^  burst  fix)m  the  centre  of  the  crater  of 
a  volcanic  mountain^  itself  for  the  most  part  of  submarine 
origin.  Those  off  the  coast  of  St.  Michael  may  be  supposed  to 
have  proceeded  from  a  subsidiary  or  lateral  vent  of  that  great 
insular  volcanic  mountain. 

On  the  other  hand^  the  Phlegraean  fields,  as  the  volcanic 
district  of  Pozzuoli  and  Cumse,  near  Naples,  has  been  called, 
present  an  instance  of  numerous  submarine  eruptions,  each 
from  a  fresh  point  on  a  shallow  shore.  Some  of  the  cones  left 
by  these  phenomena  are  very  regular  and  entire ;  others  pre- 
sent lengthy  circuitous  ridges,  embracing  crateriform  basins, 
of  which  some  contain  lakes.  They  are  all  formed  of  an  in- 
durated felspathic  tuff,  containing  occasionally  sea-shells  and 
fragments  of  wood,  both  immineralized,  and  are  covered  by 
strata  of  loose  tufaceous  conglomerate,  similar  to  that  which 
is  generally  dispersed  over  nearly  the  whole  neighbouring 
plain  of  Campania,  and  which  appears  to  have  been  deposited 

*  See  ProfeBBor  Phillipe*8  Address,  Quart  Joum.  Qeol.  Soc.  p.  li,  1859. 
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there  at  a  time  when  the  Mediterranean  washed  the  foot 
of  the  nearest  Apennine.  Mr.  Heaphy  describes  a  very 
similar  district  in  the  neighbourhood  of  Auckland  in  New 
Zealand^. 

Some  knowledge  as  to  the  conduct  of  submarine  volcanos 
may  be  derived  from  observation  of  such  of  their  products  as 
have^  by  subsequent  elevatory  action  on  a  wide  scale^  been 
raised  above  the  sea-level.  Such  examples  are  numerous 
among  the  coral  islands  of  the  Pacific.  The  flat  basaltic  plat- 
forms of  the  north  and  south  coast  of  Iceland^  of  the  Ferroe 
Isles^  of  the  north-east  of  Ireland^  of  the  north-eastern  part 
of  Teneriffe^  and  of  numerous  other  localities^  tend  to  show 
that  the  conduct  and  disposition  of  lava^  when  issuing  from 
a  submarine  vent^  is^  as  has  been  supposed  above^  very  much 
the  same  as  when  poured  out  on  dry  land.  The  chief  differ- 
ence would  seem  to  be^  firsts  that  it  flows  more  imiformly  and 
spreads  more  widely  over  a  flat  surface^  probably  from  retain- 
ing its  internal  heat  longer  under  the  pressure  of  the  water  than 
of  the  atmosphere  only.  2ndly^  That  either  a  less  proportion 
of  conglomerate^  or  fragmentary  matter^  is  usually  ejected 
from  a  subaqueous  than  from  a  subaerial  volcano ;  or  that  it  is 
more  widely  spread  and  less  thickly  interstratified  with  the 
contemporaneous  lava-beds.  Both  of  these  explanations  may 
well  be  true ;  for  in  deep  water  it  is  not  likely^  as  has  been 
already  shown^that  aeriform  explosions  should  be  able  to  throw 
up  much  scoriform  lava.  And  when  the  vent  has  risen  near 
enough  to  the  surface  to  permit  of  such  explosive  ejections^ 
they  win  be  just  about  the  level  at  which  the  abrading  and 
degrading  force  of  the  ocean-waves  and  currents^  and  their 
influence  in  widely  distributing  all  loose,  materials  within 
reach^  are  at  their  maximum.  On  these  grounds  we  should 
expect  in  such  cases  to  find  very  much  what  we  do  observe  in 
formations  of  this  presimied  origin^  namely  extensive  platforms 
of  basaltic  or  trappean  rock^  in  repeated  beds^  overlying  one 

*  Quart.  Joum.  Geol.  Soc.  August  1860. 
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another^  with  perhaps  little  or  no  scoriform  matter  inter- 
yening^  and  stratified  conglomerates  or  ash-deposits  in  other 
neighbouring  districts. 

Mr.  Darwin,  in  his  work  on  South  America,  describes  a  large 
geographical  area  of  that  continent  to  the  east  of  the  chain  of 
the  Andes  as  composed  of  metamorphic  schists,  clay-slates, 
and  plutonic  rocks,  which  at  one  time  must  have  formed  the 
floor  of  the  ocean,  and  were  then  covered  by  vast  streams  of 
lava  (clay stone  and  greenstone  porphyries),  together  with 
alternating  piles  of  angular  fragments  of  similar  rocks — all 
ejected  from  submarine  volcanos,  and  apparently,  from  the 
compactness  of  the  rocks  so  formed,  in  deep  water.  This 
volcanic  formation  was  subsequently  covered  by  gypseous 
deposits  of  the  age  of  our  chalk,  mingled  with  the  products  of 
contemporaneous  volcanic  eruptions.  And  on  some  points, 
especially  in  Chili,  these  beds  were  again  loaded,  in  the  later 
tertiary  period,  with  a  vast  pile  of  volcanic  submarine  tuflfe 
and  lavas,  previous  to  the  final  elevation  of  the  continent 
above  the  water-level,  or  the  opening  of  the  great  subaerial 
volcanic  range  of  the  existing  Cordilleras*. 

Professor  Bamsay  also  gives  a  very  similar  description  of 
the  igneous  rocks  interbedded  with,  and  breaking  through,  the 
Silurian  strata  of  Wales  and  Shropshiref.  He  distinguishes 
with  great  sagacity  between  those  lavas  which  were  contem- 
poraneous with  the  strata  in  which  they  lie — as  shown  by 
their  having  altered  the  underlying  stratum,  while  that  de- 
posited above  them  is  unaffected — and  those  intrusive  lavas 
which  were  apparently  injected  between  earlier-formed  and 
solidified  strata,  as  shown  by  the  overlying  bed  being  as  much 
altered  as  the  one  beneath.  The  latter  disposition  appears  to 
be  confined  to  the  homblendic  lavas  (greenstone) ;  the  former 
prevails  among  the  felspathic  traps.     Is  this  owing  to  the 

♦  Daubeny,  p.  503.    Darwin,  South  America,  p.  237. 
t  Catalogue  of  Rock-specimens  in  the  Museum  of  Practical  Oeology, 
1868,  p.  174. 


ELEVATION  IN  MASS  OP  VOLCANIC  ROCK.  249 

greater  liquidity  of  the  former  class  better  enabling  them  to 
penetrate  the  seams  of  the  stratified  rocks  among  which  they 
were  forced  ?  Professor  Ramsay  speaks  of  these  intrusive  beds 
of  lava  "  running  often  for  miles  directly  along  the  strike  of 
the  strata^  and  then  breaking  suddenly  across  it/^  These 
extensive  intrusions  took  place,  it  appears,  in  the  slate-rocks, 
which  might  be  expected  to  split  more  readily  along  the  planes 
of  stratification  than  across  them. 

§  8.  When  at  length  the  summit  of  an  habitual  volcanic 
cone  is  permanently  elevated  above  the  surface  of  the  sea,  it 
enters  into  the  class  of  subaerial  volcanos,  and  produces  one 
of  those  volcanic  islands  which  are  of  such  frequent  occurrence 
in  the  Atlantic,  Pacific,  and  Indian  Oceans. 

But  it  is  not  solely  by  the  accumulation  of  erupted  matters 
that  this  increase  of  height  can  take  place.  It  may  be  pro- 
duced, without  any  addition  of  bulk  to  the  mountain  itself,  by 
its  elevation  in  mass  from  below,  occasioned  by  a  general 
expansion  of  the  subterranean  bed  of  lava,  raising,  together 
with  the  volcanic  cone,  a  greater  or  less  superficial  extent  of 
the  neighbouring  strata  forming  the  pavement  of  the  sea. 

This  has  probably  happened  to  the  coast  of  Italy,  just  de- 
scribed. The  volcanic  cones  of  the  Phlegraean  fields  have 
certainly  sustained  a  change  of  level,  relatively  to  the  sur- 
face of  the  sea,  since  their  formation,  without  having  received 
any  addition  to  their  bulk  by  subsequent  eruptions.  Marine 
shells  of  existing  species  are  found  in  Ischia  at  a  height 
exceeding  1000  feet  above  the  sea.  Again,  the  flanks  of  Etna 
are  in  many  parts  formed,  to  a  very  considerable  height,  of 
alternating  beds  of  lava  and  tertiary  limestone  full  of  shells. 

We  are  thus  led  to  distinguish  between  islands  or  tracts 
of  volcanic  origin  which  were  produced  solely  by  subaqueous 
eruptions,  and  subsequently  elevated  above  the  sea-level  (with 
or  without  any  superincumbent  calcareous  or  arenaceous 
strata)  by  successive  expansions  of  the  subterranean  lava-bed 
(which  I  have  called  plutonic  action),  and  those  islands  or 
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tracts  which  owe  their  progressive  rise  above  this  level  chiefly 
to  the  gradual  accumulation  of  matter  expelled  during  re- 
peated eruptions  from  an  habitually  active  vent^  and  in  which 
this  process  has  continued  long  after  their  emerging  into 
open  air. 

§  9.  The  latter  will  have  all  the  characters  of  a  volcanic 
mountain^  viz.  a  pyramidal  or  conoidal  form^  and  a  structure 
of  alternate  beds  of  lava-rocks  and  conglomerate^  with  occa- 
sionally interbedded  strata  of  marine  sediments  about  their 
base,  all  dipping  more  or  less  rapidly  away  on  all  sides  from 
the  central  summits. 

The  former  class  of  volcanic  formations  will  seldom  exhibit 
this  regularity  of  form  and  structure.  The  lava-beds  which 
are  produced  at  any  depth  under  the  sea-level  will  probably 
spread,  as  we  have  observed,  to  a  greater  lateral  extent  than 
those  emitted  in  open  air ;  and,  again,  the  abrasive  action  of 
the  waves  or  marine  currents  will  generally  wear  down  and 
disperse  the  accompanying  fragmentary  ejections  to  a  greater 
distance  from  the  vent.  Hence  a  submarine  volcanic  moim- 
tain  will  not  present  by  any  means  so  decidedly  conoidal  a 
form  as  one  thrown  up  in  open  air,  but  will  be  far  more  de- 
pressed and  flattened,  and  composed  of  comparatively  hori- 
zontal beds. 

Again,  the  forcible  elevation  of  such  a  mass  by  subter- 
ranean expansion  will  probably  still  further  derange  its  figure ; 
and,  in  lieu  of  a  gently  sloping  conical  mountain,  its  outline 
will  present  vast  plateaux  with  little  or  no  inclination,  en- 
closed by  precipitous  clifi^,  or  separated  from  each  other  by 
deep  fissure-like  chasms,  and  composed  of  alternate  beds  of 
Uthoidal  and  fragmentary  lava-rocks,  exhibiting  the  marks  of 
their  submarine  origin  as  well  in  their  great  compactness  of 
texture,  in  the  absence  of  scoriform  parts,  and  in  the  nume- 
rous amygdaloidal  minerals  they  enclose,  as  in  their  peculiar 
disposition  and  general  forms.  Of  such  an  upheaved  sub- 
marine volcano  the  Ferroe  Isles  present  a  typical  example. 
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The  island  of  Teneriffe  exhibits,  on  the  other  hand^  both 
these  volcanic  formations  geographically  united.  It  consists 
chiefly  of  an  immense  volcanic  mountain,  of  which  the  central 
peak  reaches  an  elevation  of  12,200  feet  above  the  sea.  In 
form  this  mountain  approximates  to  an  oblong  cone,  although 
its  regularity  has  been  greatly  disturbed  by  the  products  of 
numerous  lateral  eruptions.  The  principal  crater  evidently 
once  occupied  the  centre  of  the  ellipsoidal  base,  and  corre- 
sponded with  it  in  shape  and  dimensions.  Its  enclosing  walls, 
or  what  remains  of  them,  form  a  vast  elliptical  range  of  difis, 
within  the  area  of  which  rise  the  more  recent  cones  of  the 
Peak  and  Chahorra.  But  this  immense  mountain  constitutes 
little  more  than  two-thirds  of  the  superficial  extent  of  the 
island.  On  its  north-east  side,  and  in  the  prolongation  of 
the  longer  axis  of  the  ellipsoid,  projects  a  remarkable  head- 
land, difiering  from  the  other  part  totally  in  form  and  struc- 
ture, having  a  flat  and  terraced  outline  in  lieu  of  a  conical  one, 
and  made  up  entirely  of  vast  horizontal  beds  of  basalt  and 
basaltic  conglomerate,  while  the  rocks  of  the  central  volcanic 
mountains  are  wholly  trachytic.  This  basaltic  district  is 
clearly  a  submarine  volcanic  mass,  elevated  above  the  sea- 
level  subsequently  to  its  production,  since  which  time  the 
proximate  trachytic  volcano  has  alone  remained  habitually 
active,  and  continues  so  to  the  present  day. 

The  island  of  Palma,  another  of  the  Canaries,  offers  an 
excellent  example  of  a  perfectly  regular  and  complete  insular 
volcanic  mountain.  Its  form  is  perhaps  as  near  an  approxima- 
tion to  the  cone  as  the  disturbing  causes  which  must  neces- 
sarily influence  the  figure  of  such  a  mass  will  ever  permit ;  the 
outline  of  its  ground-plan  is  nearly  circular;  and  it  rises  from 
the  coast  on  all  sides,  at  first  by  gently  inclined  slopes,  which 
become  graduaUy  more  and  more  rapid,  tiU  they  terminate  in 
the  ridge  which  forms  the  summit  of  a  steep  range  of  clifis 
encircling  its  central  crater.  This  deep  cavity  is  drained  by 
one  outlet,  or  Baranco,  doubtless  originally  a  radial  fissure 


^^ 
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produced  during  some  violent  eruption.  The  ravines  created 
by  numerous  other  rivulets  diverge  like  rays  from  the  central 
heights.  A  few  parasitical  cones  are  sprinkled  on  the  surface 
of  the  outer  slopes^  each  of  great  regularity,  and  productive  of 
its  peculiar  lava-current*.  The  Great  Canary  Island  shows 
a  very  similar  figure  and  composition. 

The  island  of  Tristan  d'Acunha,in  the  middle  of  the  Southern 
Atlantic,  appears  to  be  an  insular  volcanic  mountain  of  equal 
r^ularity.  Captain  Carmichael,  who  visited  it  in  1816,  de- 
scribes it  as  of  a  conical  figure,  nine  leagues  in  circumference, 
and  8000  feet  high,  with  one  large  central  crater  a  mile  round, 
having  a  lake  at  its  bottom  150  yards  in  diameter.  The  lava 
and  scoriae  are  basaltic,  and  of  a  fresh  aspect  f. 

St.  Paul,  or  Barren  Island  (see  fig.53,  p.  199,  supra),  Fayal 
in  the  Azores,  and  the  Pic  de  Fogo,  one  of  ther  Cape  Verde 
Isles,  are  regularly  conical  eminences,  the  summits  of  sub- 
marine volcanic  mountains.  In  fact,  such  appears  to  be  the 
general  form  of  those  insular  volcanos  which  have  been  pro- 
duced by  habitual  eruptions  from  a  central  vent,  since  its 
elevation  above  the  sea-level,  of  which  numerous  examples  are 
to  be  found  among  the  Archipelagos  of  the  Pacific. 

Where  two  or  more  habitual  vents  were  situated  so  near  to 
one  another  as  to  bring  their  erupted  matters  into  contact,  the 
island  will,  of  course,  be  formed  of  a  string  of  such  conoidal 
mountains;  and  many  instances  of  this  likewise  are  to  be 
met  with  among  the  volcanic  islands  of  both  the  Atlantic  and 
Pacific  Oceans. 

*  Palma  was  selected  by  Von  Bach  as  a  typical  example  of  an  eleva- 
tion-crater, or  upheaved  volcanic  mountain.  There  is,  I  think,  every 
reason  to  believe  this  view  to  be  erroneous,  and  that  it  owes  its  origin,  on 
the  contrary,  to  quaquaversal  flows  of  lava  and  ejections  of  fragmentaiy 
matters  from  a  central  vent  Sir  C.  Lyell  gives  a  map  of  this  island  in  his 
'Manual.'  The  &ct  of  the  bottom  of  the  great  crater  having  a  boss  of 
trachyte  in  no  degree  argues  the  upheaval  of  the  encircling  basaltic  beds. 
It  is  a  circumstance  common  to  many  volcanic  craters,  e,  g.  Afltroni, 
Rocca  Monfina,  and  others.  t  Trans.  Linn.  Soc.  vol.  xii. 
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Even  the  entire  island  of  Java,  a  great  part  of  Sumatra, 
Celebes^  Formosa^  the  Philippines  and  Kurile  Isles,  Japan^ 
the  promontory  of  Kamtschatka,  and  many  of  the  largest 
islands  of  this  part  of  the  globe,  appear  to  consist  of  one  or 
more  rows  of  volcanic  mountains  thrown  up  from  veuts  pro- 
duced upon  the  same  or  parallel  fissures  in  the  crust  of  the 
globe. 

No  doubt,  contemporaneously  with,  or  in  the  intervals  be- 
tween, the  eruptions  of  such  habitual  volcanos,  local  elevations 
of  the  neighbouring  surfaces,  by  the  force  of  subterranean  ex- 
pansion, will  have  often  occurred ;  and  hence  strata  of  lime- 
stone, sandstone,  and  even  of  the  schistose  rocks  and  granite 
itself,  may  form  a  part  of  these  islands,  without  controverting 
their  volcanic  origin  for  the  most  part.  "  li"  says  Mr.  Darwin, 
"  archipelagos  are  in  course  of  time,  by  long-continued  action 
of  the  elevatory  and  volcanic  forces,  converted  into  mountain- 
ranges,  it  will  naturally  result  that  the  inferior  primary  rocks 
will  often  be  uplifted  and  brought  into  view.^' 

As  examples  of  islands,  composed  chiefly  of  volcanic  pro- 
ducts, which  appear  to  have  risen  from  below  the  sea,  solely 
by  subterranean  expansion,  without  having  been  since  aug- 
mented in  height  or  bulk  by  the  products  of  external  erup- 
tions, I  have  already  named  the  Ferroe  Islands,  and  the  trap 
islands  amongst  the  HBbrides,  and  may  add  those  of  Ponza, 
Zannone,  and  Palmarola,  on  the  coast  of  Italy.  It  is,  how- 
ever, not  always  easy  to  distinguish  upheaved  islands  of  this 
character  from  such  as  are  only  the  remnants  of  subaerial 
volcanos,  the  greater  part  of  whose  mass  has  been  worn  away 
by  the  action  of  the  sea.  When,  for  example,  a  cone  of  the 
latter  class,  composed  chiefly  of  scoriae,  with  perhaps  but  one 
great  lava-current,  has  been  long  exposed  to  the  violent  de- 
grading action  of  the  waves,  the  whole  of  the  former,  consisting 
of  loose  conglomerates,  will  often  have  been  swept  away  into 
the  depths  of  the  sea,  and  only  the  latter  (the  lava-bed),  or  a 
portion  of  it,  left  above  water^  together  with  such  overlying 
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strata^  perhaps^  of  ash  or  scoriae  as  it  may  support.  I  have 
already  given  (fig.  55^  p.  209)  a  sketch  of  one  such  island^  whose 
outline  must  remind  all  geologists  who  have  visited  volcanic 
lyrchipelagos^  of  many  similar  instances — instances  that  are 
to  be  found  among  the  islands  of  the  tertiary  as  well  as 
of  more  modem  seas.  By  many  geologists  these  insulated 
remnants  would  be  considered  examples  of  basaltic  or  tra- 
chytic  rocks  upheaved  firom  depths  below  the  sea ;  whereas 
it  is  often  possible  that  their  level  has  never  varied  at  all 
since  their  original  deposition.  Some  of  these  subaerial 
volcanic  islands  have  numerous  superficial  strata  of  cal- 
careous sandstone^  which  help  to  induce  the  persuasion  of 
their  being  of  submarine  origin.  The  lime^  however^  is^  I 
believe,  derived  from  countless  generations  of  land-shells  (He^ 
Uces,  &c.)  which  have  lived  and  died  on  the  surface^  and  has 
been  carried  down  with  the  rain-water  among  the  arenaceous 
beds  of  tufi^,  or^  in  many  cases^  drift  beach-sand,  which  it  has 
cemented  into  a  rock  often  hard  enough  to  be  used  as  a 
building-stone.  Such  a  sandstone  of  recent  terrestrial  origin 
coats  nearly  all  the  small  volcanic  islands  of  the  Mediterra- 
nean. Mr.  Darwin  found  it  in  those  of  the  Atlantic  and 
Pacific  likewise.  The  mollusks  probably  obtained  the  lime 
(through  their  vegetable  food)  from  the  volcanic  rocks,  which, 
especially  the  trachytes,  usually  contain  a  portion  of  this 
mineral— even  now,  as  we  know,  largely  produced  from  the 
interior  of  the  globe  by  calcariferous  springs. 

These  considerations  seem  to  show  that  it  is  only  when 
undoubted  marine  sedimentary  strata  are  found  overlying,  or 
interbedded  with  volcanic  formations,  we  can  confidently  assert 
the  upheaval  of  the  mass  above  the  level  at  which  it  was 
originally  produced. 

Iceland,  like  Teneriffe,  presents  a  combination  of  both  cha- 
racters. The  high  mountains  called  '  Jokuls,'  with  which  this 
island  abounds,  mark  the  site  of  so  many  subaerial  volcanos, 
which  continue  still,  or  have  lately  been,  in  occasional  activity ; 
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while  two  large  portions  of  the  island  on  the  north  and  south 
consist  of  flat  plateaux^  composed  of  repeated  beds  of  basalt 
and  basaltic  conglomerate  (trap-tuff)^  bearing  marks  of  a  sub- 
marine origin. 

In  the  Isles  of  France  and  Bourbon  a  similar  contrast  is 
observable^ — ^the  former  having  all  the  distinguishing  charac- 
teristics of  a  submarine  volcanic  formation,  elevated  bodily 
since  the  cessation  of  the  eruptive  phenomena;  the  greater 
portion  of  the  latter  presenting  the  appearance  of  an  ordinary 
volcanic  moimtain,  produced  by  repeated  extravasations  of  lava 
from  two  or  three  habitual  sources  above  the  sea-level,-— one  of 
these  vents  remaining  in  continual  activity  to  the  present  day. 

Where  a  volcanic  mountain  has  been  elevated  in  mass  by 
inferior  expansion,  it  will,  of  course,  be  accompanied  in  its  rise 
by  the  recent  beds  of  marine  formation  which  had  been  depo- 
sited  upon  it;  and  even  strata  of  earlier  date  may  occasionally 
be  raised  with  it  by  the  same  expansive  force  acting  upon  a 
more  considerable  extent  of  surface  than  that  which  supports 
the  volcanic  mountain. 

Thus  the  northern  extremity  of  the  He  de  France  presents 
a  flat  plain,  composed  of  a  calcareous  rock  full  of  recent 
madreporites  and  other  coralline  bodies,  overlapping  the  vol- 
canic rocks  which  make  up  the  remainder  of  the  island.  The 
neighbouring  islets  of  La  Platte  and  Les  Colombiers  offer  a 
similar  conformation. 

So,  again,  in  the  cluster  of  islands  lying  eastward  of  Java, 
the  greater  part  of  their  surface  is  composed  of  coralline  beds, 
unmineralized,  and  exactly  similar  to  those  which  constitute 
the  neighbouring  reefs  stiU  in  progress  of  formation  below  the 
level  of  the  sea.  These  beds  visibly  rest  upon  volcanic  rocks, 
which  have  in  this  instance,  no  doubt,  been  elevated  in  mass, 
together  with  the  coral  reefs  which  had  been  built  upon  their 
highest  eminences. 

The  island  of  Pulo  Nias,  on  the  western  coast  of  Sumatra, 
which  is  seventy  miles  long  and  twenty-five  wide,  exhibits 
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the  same  fajct  throughout  its  whole  extent^  with  this  exception^ 
that  the  coral-beds  rest  on  stratified  sandstones  and  limestones 
of  older  character.  The  nearest  coast  of  Sumatra^  however^  is 
volcanic ;  and  the  elevation  of  these  extensive  recent  coral- 
beds  to  a  height  of  some  hundred  feet  is  most  probably  owing 
to  subterranean  expansions  coetaneous  with  the  volcanic  phe- 
nomena of  the  neighbouring  island  *. 

There  seems^  indeed,  great  reason  to  believe  the  almost 
innumerable  coral-islands  of  the  Pacific  and  Indian  Oceans 
to  be  generally  based  upon  the  summits  of  submarine  volcanic 
mountains.  Their  usually  circular  or  elliptical  figure,  however, 
is  not  always  to  be  attributed  to  their  being  built  upon  the 
circular  ridge  of  a  submarine  crater,  since  Mr.  Darwin  has 
ingeniously  demonstrated  that  this  figure  would  be  equally 
the  result  of  the  operations  of  the  madrepore  worms  around 
a  gradually  subsiding  central  island  or  rock  of  any  kind.  A 
large  number  of  such  islands,  however,  forming  an  entire  (and, 
according  to  Mr.  Darwin,  a  locally  distinct)  class,  are  clearly 
not  sinking,  but  rather  rising.  For  by  the  ordinary  process 
of  growth,  so  well  described  by  him,  the  coralline  mass 
cannot  attain,  at  the  utmost,  to  any  greater  elevation  than  a 
few  feet  above  high-water  mark ;  whereas,  in  the  numerous 
archipelagos  of  these  vast  oceans,  a  very  great  number  of 
islands,  which  are  shown  by  their  composition  and  structure 
to  have  been  originally  formed  as  coral  reefs,  rise  much  above 
this  level,  attaining  frequently  from  two  to  three  himdred  feet 
in  height,  and  occasionally  much  more. 

Those,  however,  which  have  reached  this  height  have  been 
observed  generally  to  consist  of  a  substratum  of  some  lava- 
rock,  supporting  the  coralline  beds ;  and  it  is  a  common  remark 
of  navigators  that  they  are  subject  to  frequent  and  violent 
earthquakes.  All  these  facts  combined  make  it  difficult  to 
doubt  that  these  islands  are  the  summits  of  subaqueous  vol- 
canic mountains,   which,  when  raised  to  within  a  certain 

*  Dr.  Jack  on  the  Geology  of  Sumatra  (Geol.  Trans.  2nd  ser.  vol.  i.). 
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distance  of  the  surface  of  the  ocean^  are  immediately  occupied 
by  the  remarkable  zoophytes  which  elaborate  coral  for  the 
site  of  their  erections ;  and  this  distance  is  not  considerable^ 
perhaps  never  exceeding  a  hundred  feet,  these  animalcula 
requiring  light,  and  the  movement  of  the  sea- waves,  as  it  would 
appear,  for  their  support. 

Subsequently,  by  subterranean  intumescence,  acting  proba- 
bly by  repeated  shocks,  the  mountain  is  more  or  less  elevated, 
and,  by  the  continual  growth  of  fresh  coral  on  its  shelving 
shores,  is  progressively  augmented  to  a  considerable  size. 

Mr.  Darwin,  distinguishing,  as  has  been  said,  those  coral- 
line islands  of  the  Pacific  which  are,  or  have  recently  been, 
undei^oing  elevation  from  those  which  are  sinking,  places  in 
the  latter  category  all  the  coral  ^  Atolls '  and  islands  which 
stud  the  central  basin  of  the  Pacific — ^where,  if  his  view  be 
correct,  a  vast  area  of  the  earth^s  surface  is,  and  has  long 
been,  slowly  subsiding.  In  either  case,  however,  he  admits,  as 
I  understand  him,  the  probable  volcanic  origin  of  nearly  all 
these  rock-foundations  of  a  coralline  superstructure  ^. 

The  Carib  Isles  ofier  another  striking  example  of  this  asso- 
ciation of  elevated  and  eruptive  rocks.  The  line  of  islands 
which  lies  farthest  to  the  west,  or  "  under  the  wind,'*  is  de- 
scribed as  consisting  solely  of  recent  volcanic  cones,  strung 
together  at  greater  or  less  distances ;  while  the  eastern  islands 
are  formed  of  calcareous  strata,  and  frequently  of  recent  coral, 
supported  on  a  foundation  of  trachyte  and  other  volcanic 
rocks.  These  last  therefore  must  have  been  elevated,  together 
with  the  overlying  strata,  by  subterranean  expansion. 

I  shall  presently  advert  to  the  general  character  of  this 
elevatory  action. 

♦  "  Coralline  Islands."  From  the  report  of  Mr.  Sawkins,  it  appears 
that  the  island  of  Tongataboo,  one  of  the  Friendly  group,  during  a  recent 
earthquake,  was  depressed  on  the  N.£.  side,  so  as  to  cause  the  sea  to 
encroach  on  it  for  two  miles  inland,  while  the  western  coast  rose  several 
feet  -y  thus  showing  the  irregular  action  of  the  elevating  force. 

s 
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CHAPTER  XI. 

SYSTEMS  OF  VOLCANOS. 

§  1.  The  occasional  shifting  of  eruptions  to  fresh  vents 
— probably  along  the  line  of  the  original  fissure — is,  as 
we  have  seen,  one  of  the  most  ordinary  characteristics  of 
volcanic  action.  It  occurs  on  the  smallest  scale,  as  when  a 
train  of  lateral  vents  open  in  succession  one  below  another 
upon  the  flank  of  a  volcanic  mountain.  And  th&t  it  has 
continually  occurred  on  the  largest  must  be  evident  to  any 
one  who  inspects  a  map  (or  still  better,  a  globe)  upon  which 
the  geographical  position  of  the  several  volcanos  (active,  and 
dormant  or  extinct)  is  accurately  marked.  The  general  linear 
arrangement  of  these  eruptive  points  on  bands  which  traverse 
large  segments  of  the  earth's  surface  is  very  obvious;  and 
although  there  are  several  which  appear  to  be  insidated,  or  to 
form  independent  groups,  yet,  since  these  rise  chiefly  as 
islands  from  the  ocean,  it  is  not  impossible  that  there  may  exist 
between  many  of  them  some  connecting  links  of  submarine 
volcanic  action,  unobserved  as  yet,  owing  to  causes  already 
adverted  to,  which  preclude  us  from  the  knowledge  of  what 
phenomena  of  this  kind  are  going  on  below  the  deep  waters. 
On  this  account  it  is,  I  think,  unnecessary  to  infer  (as  Yon 
Buch  has  done),  from  an  apparent  want  of  connexion  among 
such  isolated  volcanos,  or  groups  of  volcanos,  any  difference 
between  the  circumstances  of  subterranean  energy  to  which 
they  are  owing,  and  those  which  gave  birth  to  the  linear 
volcanos.  If  we  are  justified  in  presuming  that  the  great 
trains  of  vents — such,  for  example,  as  that  which  all  bat 
encircles  the  Pacific  Ocean — indicate  the  existence  of  extended 
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fissures,  or  lines  of  dislocation,  across  the  earth^s  crust,  through 
which  subterranean  igneous  matter  has  for  a  vast  series  of  ages 
been  habitually  protruded,  we  may  reasonably  believe  that 
other  eruptive  fissures  exist  beneath  the  ocean,  connecting 
some  of  the  more  dispersed  localities  of  volcanic  outbreak  by 
intermediate  vents,  which  must  remain  concealed  from  obser- 
vation unless  the  volcanos  should  raise  their  peaks  above  the 
water-level,  and  so  enter  into  the  subaerial  class. 

§  2.  That  a  volcanic  eruption  occurs  as  a  consequence  of  the 
production  of  a  linear  rent  or  fissure  through  the  solid  over- 
lying rocks  seems,  indeed,  to  be  the  normal  rule,  on  whatever 
scale  the  phenomena  develope  themselves.  Examples  have  been 
given  of  such  rents,  both  of  early  and  recent  age,  which  tra- 
verse the  earth's  surface  for  distances  of  from  50  to  200  miles. 
The  smaller  fissures  into  which  lava  has  forced  its  way  from 
beneath,  whether  it  obtain  an  issue  outwardly  or  not,  usually 
seem,  before  long,  to  be  sealed  up  by  its  solidification,  and  rarely 
reopened.  The  main  or  primary  fractiu*e  through  which  any 
considerable  eruption  has  taken  place  probably  remains  for  a 
long  time  filled  with  lava  still  fluid — at  least  at  its  central 
axis,  or  at  some  widest  point  or  points — and  in  a  condition, 
therefore,  to  give  ready  passage  to  fr^sh  eruptive  matter  on 
the  occurrence  of  any  new  impidse  from  beneath,  or  a  further 
widening  of  the  fissure  by  any  commotion  propagated  from  a 
distant  quarter.  Moreover  there  will,  no  doubt,  always  have 
been  several  adjoining  and  parallel — in  some  cases  transverse 
— rents,  formed  simultaneously  by  the  same  dislocating  effort 
— some  of  them  mere  cracks,  or  solutions  of  continuity — 
which,  although  not  sufficiently  opened  at  first  to  admit  the 
intumescent  lava,  will  yet  have  weakened  the  cohesive  force 
of  the  rocky  masses  through  which  they  were  broken,  so  far  as 
to  cause  the  next  successful  efibrt  of  subterranean  expansion 
to  take  efiect  upon  one  or  more  of  these  fractured  Unes  of 
least  resistance  rather  than  in  any  new  direction. 

The  whole  tenor  of  the  volcanic  phenomena  goes  to  support 
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this  view, — eruptions  habitually  breaking  out  at  or  about  the 
same  spot,  or  on  a  prolongation  of  the  same  superficial  line 
which  unites  other  vents,  or  on  a  parallel  or  transverse  line  at 
no  great  distance. 

Mr.  Darwin  remarks  of  the  volcanic  vents  of  the  Pacific  and 
Atlantic  Archipelagos,  that  they  have  been  generally  formed 
in  two,  three,  or  more  parallel  rows,  or  in  others  transverse  to 
these;  and  in  each  of  these  systems  there  is  seldom  more 
than  one  orifice  at  a  time  in  activity  *. 

Whether  the  eruptive  action  should  be  continued  from  the 
same  point,  or  be  shifted  to  some  fresh  opening  at  a  greater 
or  less  distance,  will,  no  doubt,  be  mainly  determined  by  the 
comparative  amount  of  resistance  ofiered  at  that  part  of  the 
earth's  crust  which  overlies  the  spot  where  the  tension  of  the 
heated  subterranean  matter  is  at  its  maximum.  Within  what 
limits  of  horizontal  or,  indeed,  vertical  distance  an  habitually 
eruptive  vent  may  relieve  this  tension  by  drawing  ofi^  the  in- 
crement of  heat  which  occasions  it,  so  as  to  obviate  any  erup- 
tion at  a  neighbouring  point,  must  remain  imcertain.  There 
is,  however,  every  reason  to  believe  that  a  connexion  (or  part- 
nership) of  this  kind  does  exist  between  neighbouring  localities. 

Some  geologists  seem  to  suppose  that  in  such  cases  the 
connected  vents  ought  to  exhibit  their  sympathy  by  simul- 
taneous activity.  But  it  is  rather  the  contrary  that  should  be 
expected — namely,  that  a  period  of  eruptive  activity  in  one 
vent  of  the  same  connected  system  should  concur  with  a  phase 
of  repose  in  the  others.  And  this  anticipation  seems  to  be 
justified  by  well-known  facts.  During  the  last  eighteen  cen- 
turies, for  example,  while  Vesuvius  has  been  frequently  active, 
the  neighbouring  seats  of  ancient  volcanic  energy — Ischia, 
Ponza,  the  PhlegrsBan  fields,  and  Rocca  Monfina — have  been, 
with  rare  exceptions,  completely  tranquil.  And  the  excep- 
tions themselves  tend  to  confirm  the  rule,  since  they  occurred 
(viz.  the  eruption  in  Ischia  of  1302,  and  that  of  the  Monte 

♦  Volcanic  Xslanda,  p.  128. 
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NuoYO  in  1385)  during  periods  of  secular  inactivity  in  the  > 
neighbouring  vent  of  Vesuvius.  Such  contiguous  vents  may 
be  therefore  considered  as  belonging  to  the  same  subterranean 
focus^  for  the  relief  of  which  one  chimney  at  a  time  suffices ; 
just  as  an  eruption  at  a  distant  point  on  the  lower  flank  of 
Etna^  or  any  other  great  volcano,  relieves  the  central  or  axial 
focus  in  a  great  degree  from  its  plethora — almost  as  com- 
pletely, perhaps,  as  if  the  discharge  took  place  from  the  summit. 
Humboldt  was  of  opinion  that  ''  the  whole  mountainous  part 
of  Quito  might  be  considered  as  one  volcano,  occupying  700 
square  leagues  of  surface,  of  which  the  volcanos  of  Cotopaxi^ 
Chimborazo,  Antisana,  Tunguragua,  and  Pichincha  are  sub- 
sidiary vents.  So  the  group  of  the  Canary  Isles  may  be 
justly  reckoned  as  one  volcano,  and  the  whole  island  of  Ice- 
land another. 

§  3.  Nevertheless  a  certain  amount  or,  rather,  kind  of  in- 
dependence seems  to  be  maintained  between  the  separate  foci 
or  subterranean  sources  of  eruptive  energy  belonging  to  one 
volcanic  system — nay,  even  to  one  volcano.  This  was  ob- 
served on  the  smallest  conceivable  scale  by  M.  Deville,  who 
saw,  on  the  summit  of  Vesuvius,  in  1856,  two  minor  cones, 
each  with  its  crater,  within  one  of  which  a  pool  of  incandescent 
lava  continually  bubbled  up  at  a  white  heat,  while  the  bottom 
of  the  other,  at  a  lower  level  by  at  least  300  feet,  was  empty, — 
showing,  as  he  justly  observes,  the  extreme  localization  of  the 
ascending  lava  in  separate,  though  closely  adjoining,  fissures 
or  '  chimneys/  I  witnessed  something  similar  in  the  crater 
of  Stromboli  (already  described)  in  1820,  namely,  two  orifices 
within  a  few  yards  of  each  other,  one  of  which  was  overflowing 
with  liquid  lava,  the  other  apparently  empty,  and  productive 
only  of  continuous  windy  belches.  Bory  de  St.  Vincent's 
description  and  engraving  of  the  Cratere  Dolomieu,  on  the 
Volcano  of  Bourbon,  presents  an  exactly  parallel  example. 
Again,  in  the  interior  of  the  singular  pit-crater  of  Kilauea 
(Hawaii),  Professor  Dana  tells  us  that  lava  has  been  seen  to 
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flow  from  orifices  in  its  perpendicular  walls  at  a  height  of 
200  feet  above  the  open  bottom  of  the  pit.  A  still  stronger 
fact  of  the  same  kind  is^  that  the  adjoining  crater  of  Mauna 
Loa  is  not  onfrequently  in  eruption,  and  emitting  streams  of 
lava  from  its  summit,  13,760  feet  above  the  sea,  while  the 
open  crater  of  Kilauea  upon  its  flank,  at  a  lower  level  by 
nearly  10,000  feet,  and  at  a  distance  of  only  sixteen  miles, 
continues  as  tranquil  as  usual,  its  pool  of  liquid  lava  showing 
no  sympathy  with  that  which  is  at  the  time  rising,  under  a 
prodigious  impulse  from  beneath,  in  the  neighbouring  axial 
vent  of  the  same  mountain.  ^^  How,^^  asks  Dana,  "  if  there 
were  any  subterranean  channel  connecting  the  two  vents, 
could  this  want  of  sympathy  exist  ?  How,  according  to  the 
laws  of  hydrostatic  pressure,  can  a  column  of  fluid  stand 
10,000  feet  higher  in  one  leg  of  the  siphon  than  in  the 
other?"  He  concludes  that  "volcanos  are  no  safety-valves, 
as  they  have  been  called;  for  here  are  two  independent 
and  apparently  isolated  centres  of  volcanic  activity,  only  six- 
teen miles  distant  from  each  other,  sustained  in  one  and  the 
same  cone  *." 

Dana,  however,  in  this  reasoning  overlooks  the  distinction 
between  the  flow  of  heat,  and  that  of  a  heated  liquid.  Un- 
doubtedly it  is  clear  that  in  all  these  cases  there  could  be  no 
immediate  y{t<u/  connexion  between  the  two  adjoining  fissures 
of  discharge,  or  the  enormous  hydrostatic  pressure  of  the 
liquid  lava  must  have  forced  it  to  rise  in  both  to  the  same 
level.  The  irregularity  and  narrowness  of  one  of  the  two 
fissures  may,  indeed,  to  a  certain  extent  have  impeded  and 
strangled  the  upward  ascent  of  the  lava  to  the  same  level  as 
in  the  other  leg  of  the  supposed  siphon ;  but  it  is  more  pro- 
bable that,  by  refrigeration  or  pressure,  causing  local  consoli- 
dation, liquid  communication  is  completely  cut  ofi*  in  such 
cases  between  the  two  neighbouring  fissures.     Still  more,  of 

•  Proceed.  American  Assoc.  1849.  See  also  Sir  C.  Lyell's  *  Principles,' 
1853,  p.  653. 
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course,  is  this  likely  to  be  the  case  between  two  comparatively 
distant  orifices  or  vento  belonging  to  the  same  system,  each  of 
which  may  have  its  independent  focus  of  more  or  less  liquid 
lava,  in  a  condition  of  greater  or  less  tension,  according  to  the 
accidents  which  have  determined  the  flow  of  heat  towards  it^ 
and  consequently  its  expansive  force  and  tendency  to  eruption. 

It  is  obvious  that,  though  the  connexion  between  neigh- 
bouring volcanic  vents,  whether  on  a  small  or  large  scale,  may 
not  be  such  as  to  admit  of  the  direct  flow  of  liquid  lava  from 
one  to  the  other,  as  between  the  two  legs  of  a  siphon,  they  may 
nevertheless  be  connected  in  such  a  manner  as  to  admit  of  the 
flow  of  heat  by  convection,  through  solid  or  semi-liquid  inter- 
vening matter,  so  that  its  escape  from  one  by  external  erup- 
tion may  to  some  extent  relieve  the  tension  and  consequently 
diminish  the  expansive  force  and  liability  to  eruptive  action  of 
the  other. 

§  4.  In  an  earlier  chapter  it  was  shown  that  the  phenomena 
of  active  volcanos  demonstrate  the  continued  accession  of 
increments  of  caloric  from  some  unknown  source  to  the  mass 
of  lava  (or  the  material  whence  lava  is  derived)  beneath  every 
habitual  vent.  And  it  was  suggested  as  probable  that  it  is 
the  tension  (or  expansive  force)  thus  occasioned,  as  portions  of 
this  mass  pass  from  a  solid  to  a  fluid  or  fused  state,  accom- 
panied by  a  great  amount  of  dilatation,  which — at  length 
overpowering  the  resistance  arising  from  the  weight  and 
cohesion  of  the  rocks  above — rends  them  asunder,  with  more 
or  less  violent  shocks,  and  injects  some  of  the  fissures  so 
formed  with  intumescent  mineral  matter;  and  that  should 
the  upward  pressure  of  this  matter  force  a  way  through  some 
weaker  part  of  one  of  the  fissures  into  approximatively  free 
communication  with  the  atmosphere,  it  enters  there  into 
eruptive  ebullition. 

If  this  view  be  correct,  it  would  seem  to  follow  that,  on  the 
cessation  of  any  such  expansive  process,  from  the  outward 
escape  of  the  redimdant  heat  through  a  volcanic  spiracle,  the 
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residuum  of  molten  or  liquefied  lava  in  the  vent,  or  in  what 
may  be  called  its  focal  reservoir  beneath,  may  be  recon- 
solidated — its  temperature  being  no  longer  so  high  as  to  keep 
it  liquid  under  the  pressure  to  which  it  is  subject.  In  this  con- 
dition it  may  be  expected  to  remain  until  either  the  transmis- 
sion of  fresh  increments  of  heat  from  beneath  or  from  either 
side  may  occasion  its  renewed  efiervescence,  and  reproduce 
the  same  series  of  phenomena.  Or  the  sudden  reduction  of 
the  pressure  to  which  it  is  exposed,  through  the  penetration 
of  a  fissure  into  it,  owing  to  movements  communicated  fix)m 
a  distant  quarter,  may  bring  about  the  same  result.  In  this 
way  subterranean  masses  of  lava  may  (as  was  before  suggested, 
see  p.  123)  be  repeatedly  fused  and  liquefied,  or  at  least 
softened  and  again  reconsolidated,  with  more  or  less  of  change, 
perhaps,  in  their  mineral  character. 

We  know,  indeed,  with  certainty  so  little  of  what  is  going 
on  beneath  the  immediate  surface  of  the  earth,  that  conjecture 
has  the  field  to  itself.  It  is  a  mere  conjecture  which,  accord- 
ing to  the  theory  accepted  by  many  geologists,  assumes  that 
surface  to  be  but  a  hardened  crust  enveloping  a  fluid  and 
molten  nucleus.  Mr.  Hopkins  has  shown*  conclusively,  that 
though  we  may  be  warranted  in  supposing  the  globe  to  have 
been  once  so  far  in  a  fluid  state  (at  least  to  some  depth  from 
the  surface)  as  to  have  derived  its  oblate-spheroidal  figure 
from  its  rotatory  movement,  yet  it  is  quite  consistent  with 
this  hypothesis,  as  well  as  with  the  well-known  fact  of  its 
actual  increase  of  temperature  from  the  surface  downwards, 
that  it  may  now  be  solid,  not  merely  at  the  centre,  but 
throughout.  Too  little  is  known  of  the  comparative  force  of 
the  antagonistic  influences  of  high  temperature  in  resisting 
the  solidification  of  mineral  matter,  and  of  great  pressure  in 
promoting  it,  to  enable  us  to  solve  such  a  problem.  The  ex- 
periments which  have  been  recently  conducted  by  Messrs. 
Hopkins,  Fairbaim,  and  Harcourt,  for  the  purpose  of  throwing 
♦  On  Theories  of  Elevation,  &c.  (Brit.  Assoc.  Report,  1847,  p.  47). 
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light  on  this  question^  have  as  yet^  it  seems^  owing  to  the 
difficulty  of  conducting  them^  and  other  impediments^  pre- 
sented no  decisive  results. 

Mr.  Hopkins^  however,  very  justly  remarks  that — ^upon  the 
assumption  (a  very  probable  one)  that  solidification  began  first 
at  the  centre  of  the  globe,  through  condensation  by  pressure, 
and  at  a  later  period  on  the  surface,  through  the  escape  of 
heat  into  the  surrounding  void,  by  the  formation  of  a  solid 
frozen  crust,  when  the  tumultuous  circulation  of  fluid  matter 
within  the  still  liquid  portion  had  ceased,  and  cooling  by  con- 
duction alone  took  place — "the  globe  must  have  necessarily 
passed  through  a  condition  in  which  a  solid  exterior  shell 
rests  on  an  imperfectly  fluid  and  incandescent  mass  beneath.^' 
He  goes  on  to  say,  "Whether  the  exterior  shell  and  solid 
nucleus  are  now  imited,  or  are  separated  by  matter  still  in  a 
state  of  fusion,  it  is  impossible  to  infer  ^'  from  any  a-priari 
reasoning  derived  from  the  above-mentioned  facts. 

The  phenomena  of  earthquakes  have,  indeed,  sometimes  been 
adduced  in  support  of  the  notion  that  the  surface  of  the  earth 
is  but  a  thin  solid  crust  resting  on  a  fluid  sea  of  molten  matter 
beneath,  the  undulations  of  which,  when  some  cause  disturbs 
it,  occasion  those  of  the  crust  above.  Mr.  Mallet  has  suffi- 
ciently shown  the  untenable  character  of  this  view  of  seismic 
shocks,  which  are  rather  of  the  nature  of  a  vibratory  jar  pro- 
pagated  through  solid  rocks,  and  afibrd  no  support  to  the  idea 
of  an  internal  fluid. 

The  phenomena  of  volcanos,  it  is  true,  as  we  have  seen, 
indicate  the  existence  of  certain  masses  of  subterranean  mineral 
matter  immediately  within  or  beneath  them,  at  times  in  a  state 
of  greater  or  less  liquidity — ^perhaps  of  fusion.  But  the  non- 
correspondence  in  point  of  level  of  the  columns  of  lava  that 
have  risen  up  closely  adjoining  channels  (even  within  the  area 
of  one  volcano,  or  of  one  crater),  to  which  I  have  lately  ad- 
verted, proves  conclusively  that  the  reservoirs  of  liquefied 
matter  with  which  these  several  proximate  ducts  communicate 
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are  not  always  in  fluid  communication  with  one  another.     It 
seems  therefore  certain  that  the  condition  of  even  imperfect 
fluidity  in  the  matter  underlying  an  habitually  active  Tolcano 
ik  local  merely,  and  temporary,  varying  from  time  to  time 
according  to  circumstances  of  temperature  and  pressure ;  and 
these  circumstances  must  of  necessity  be  liable  to  great  local 
changes    and  irregularity  through  differences  or  accidental 
changes  (which  we  know  to  be  continually  taking  place)  in  the 
position,  bulk,  weight,  cohesion,  and  consequent  resistances  of 
the  rocks  above,  independently  of  variations  in  the  rate  at 
which  heat  may  be  supplied  from  beneath.     We  have  seen 
that  the  cooling  of  lava  within  a  fissure  efifectively  seals  it  up, 
and  repairs  the  rent  through  which  an  eruption  perhaps  once 
took  place ; — how,  too,  the  accumulation  of  erupted  matters, 
solid  and  fragmentary,  tends  to  augment  the  local  sum  of  re- 
sistances to  the  expansive  energy  of  the  focus  beneath ;  which, 
moreover,  is  itself  lessened,  for  a  time,  by  every  escape  of  heat 
in  its  eruptions.  We  can  therefore  easily  understand  that  any 
particular  focus  or  reservoir  of  lava  from  which  an  eruption 
has  proceeded  may  be  wholly  consolidated,  while  at  the  same 
time  a  neighbouring  portion  of  the  same  general  subterranean 
mass  of  mineral  matter  is  undergoing  a  gradual  increase  of 
temperature  and  consequent  tension,  and  approaching  or  even 
reaching  to  fusion,  and  so  preparing  for  an  eniption,  which  may 
break  out  on  a  small  or  a  large  scale,  and  at  a  greater  or  less 
distance,  without  affecting,  to  outward  appearance,  the  neigh- 
bouring recently  active  (or  perhaps  still  only  dormant)  vent. 
The  activity  of  the  one  focus  may  be  readily  supposed  to  draw 
off,  through  intervening  solid  matter,  some  portion  of  the 
caloric  whose  increase  tends  to  cause  the  ebullition  of  the  lava 
within  the  other  (and  so  far  act  as  a  safety-valve),  without  doing 
this  fast  enough,  owing  to  peculiarities  of  structure,  texture, 
and  composition  in  the  intermediate  rocks,  wholly  to  prevent 
its  occasional  effervescence  and  eruption. 

§  5.  This  view  may  not  only  be  true  as  respects  portions  of 
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subterranean  matter  and  volcanic  vents  laterally  adjacent,  but 
probably  is  so  likewise  as  to  foci  at  different  levels  one  below 
the  other.  For  it  has  been  shown  by  facts  that  the  mode- 
rately tranquil  activity  of  a  volcano  continued  for  a  consider- 
able period  does  not  prevent  the  occurrence  of  a  paroxysmal 
eruption  from  the  same  vent,  but  proceeding  from  a  focus 
apparently  at  a  greater  depth  beneath  the  mountain,  whose 
increasing  temperature  and  expansive  force  have  not  been  suf- 
ficiently lowered  by  the  slow  conduction  of  heat  through  the 
intervening  rocks  to  effect  its  fiill  relief  by  means  of  the 
eruptions  that  have  occurred  from  higher-seated  and  less 
heavily  weighted  foci. 

§  6.  If,  then,  we  endeavour  to  arrive  at  some  definite  idea 
of  what  is  going  on  beneath  the  crust  of  the  globe  in  volcanic 
localities  (especially  along  the  course  of  the  primary  fissures 
of  eruption),  it  would  seem  highly  probable  that  there  may 
exist  there  separate  parts,  or  pockets  as  it  were,  of  more  or 
less  intensely  heated  mineral  matter,  at  greater  or  less  depths 
and  horizontal  distances ;  some,  perhaps,  comparatively  cooled 
down  by  past  expansion ;  others  gradually  acquiring,  by  in- 
crease of  temperature,  that  extreme  tension  which  will,  sooner 
or  later,  enable  them  to  overcome  the  resistance  caused  by  the 
weight  and  cohesion  of  the  solid  overlying  rocks,  and  obtain 
relief  either  by  dislocating  and  uplifting  a  considerable  area 
of  the  latter,  or  by  a  volcanic  eruption.  Between  the  dif- 
ferent parts,  heat  (of  an  intense  character,  such  as  to  maintain 
the  whole  mass  in  a  state  of  extreme  tension)  may  be  every- 
where circulating  by  conduction,  seeking  an  equilibrium — 
which  is  as  much  a  law  of  its  nature  as  it  is  of  water  to  seek  a 
level.  And  as  the  visible  result  of  these  subterrestrial  changes, 
earthquakes  and  eruptions  may  take  place  from  time  to  time 
along  and  in  the  vicinity  of  those  lines  of  dislocation  which 
have  become  the  habitual  channels  for  the  outward  discharge 
of  internal  heat ;  that  is  to  say,  within  which  volcanic  chim- 
neys have  already  established  themselves. 
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No  doubt^  it  is  possible  that  the  deepest  of  all  these  pre- 
sumed reservoirs  of  yolcanic  force  may  be  in  commimication 
with  a  widely  extended  belt,  or  even  continuous  shell,  of 
molten  or  liquid  mineral  matter  intervening  (as  suggested  by 
Mr.  Hopkins  in  the  above-quoted  passage)  between  the  nu- 
cleus of  the  globe,  solidified  by  compression,  and  its  outer 
crust,  hardened  by  cooling  through  radiation  of  its  heat  into 
space.  At  all  events,  the  supposition  (in  itself  so  probable)  of 
the  existence  of  such  a  continuous  envelope  at  a  former  period 
will  best  account  for  the  very  general  dispersion  of  volcanic 
vents  or  eruptive  fissures  over  the  whole  surface  of  the  globe, 
and  for  the  occasional  appearances  of  connexion  or  inter- 
dependence between  the  several  existing  fissures  or  habitual 
issues,  although  at  wide  distances  from  one  another. 

But  it  is  not  unreasonable  to  suppose  that,  even  in  that 
inferior  belt,  the  intervals  between  the  difierent  principal  fis- 
sures of  volcanic  eruption  may  long  since  have  been  com- 
pletely solidified,  and  admit  at  present  of  the  tranmission  of 
heat  only  by  conduction  (whether  outwardly  or  laterally) — not 
by  circulation,  or  actual  transit  of  the  heated  matter.  And 
these  intervals  would  in  such  case  either  preserve  at  present 
a  stationary  condition,  or  obtain  relief  by  the  comparatively 
slow  upheaval  of  large  areas,  accompanied  by  little  outward 
display  of  energy  in  the  shape  of  either  earthquake  or  volcano, 
or,  perhaps,  by  a  series  of  paroxysmal  elevations  at  distant 
intervals.  Or,  on  the  other  hand,  some  of  them  may  be  imder- 
going  subsidence  from  the  loss  of  heat,  for  the  outward 
escape  of  which  favourable  avenues  are  afforded  in  some  neigh- 
bouring quarter. 

Such  areas  may  be  plausibly  assumed  to  correspond  with 
those  extensive  tracts  of  our  globe  which  separate  the  more 
-active  bands  of  seismic  convidsion  and  volcanic  activity,  but 
which  yet,  there  is  reason  to  believe,  experience  more  or  less 
of  oscillatory  vertical  movement ;  sometimes  by  a  gradual  and 
tranquil  process — a  sort  of  creep — such  as  is  now  believed  to 
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be  raising  the  extreme  north  of  Norway  and  Siberia,  as  well  as 
of  America,  at  the  rate  of  a  few  feet  in  a  century,  and  simi- 
larly depressing  the  bed  of  the  Baltic,  the  coast  of  Greenland, 
the  central  area  of  the  Pacific,  and  a  part  of  the  Indian 
Ocean  * ;  sometimes  by  a  paroxysmal  effort,  or  series  of  efforts 
— such  as  would  seem  to  have  upheaved  the  mass  of  the  Alps 
and  Pyrenees  by  several  thousand  feet,  and  that  of  the  Hima- 
layas and  the  plateau  of  Thibet  to  a  stiU  greater  height,  since 
the  deposition  of  the  early  tertiary  strata. 

*  Mr.  Hopkins,  in  his  Anniyersary  Address  to  the  Geological  Society 
of  1863,  p.  Ixz,  speaks  of  "  moyements  of  depression,  acting  slowly  and 
continuously  during  long  periods  of  deposition  of  sedimentary  matter,  as 
proved  by  the  immense  observed  thickness  of  such  stratified  matter, 
reaching  at  times  to  20,000  to  40,000  feet  That  such  movements  have 
taken  place  follows  as  a  necessary  consequence  of  the  law  of  distribution 
of  organic  beings,  which  asserts  that  each  class  of  marine  animala  can 
only  flourish  within  comparatively  small  limits  of  depth.  There  may 
also  have  been  slow  and  continuous  elevations ;  but  of  such  movements 
we  have  not  the  same  demonstrative  proof  as  of  the  continuous  move- 
ments of  depression." 

The  force  of  this  evidence,  however,  has  been  somewhat  modified  by 
the  recent  discovery  of  many  species  of  mollusks  attached  to  electric 
cables  which  have  been  taken  up  after  lying  some  time  on  sea-bottoms 
at  depths  of  even  5000  or  6000  feet  Nevertheless,  that  large  superficial 
areas  have  been  subject  to  depression  continued  through  long  periocb  of 
time  and  in  every  geological  age,  is  a  fact  which  no  geologist  now  thinks 
of  disputing. 
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CHAPTEE  XII. 
RELATION  OF  PLUTONIC  TO  VOLCANIC  ACTION. 

§  1.  In  support  of  the  hypothesis  advanced  at  the  close  of  the 
last  chapter^  we  have^  in  the  first  place^  the  well-known  evidence 
of  mines  and  artesian  wells  to  the  fact  that  the  temperature 
of  the  crust  of  the  globe  increases  everywhere  in  a  very  rapid 
ratio  from  the  surface  downwards,  varying  fr^m  one  degree 
in  60  to  one  in  100  feet  of  vertical  depth,  and  consequently 
that  a  large  amount  of  heat  is  continually  in  course  of  out- 
ward transmission  from  within  this  envelope  through  the 
superficial  rocks,  and  the  waters  that  permeate  or  cover  them, 
into  surroimding  space.  Secondly,  we  have  the  phenomena 
of  volcanos,  proving,  as  has  been  shown,  that,  besides  this, 
another  considerable  amount  of  heat  is  continually  effecting 
its  outward  escape — with  less  regularity,  but  with  equal  con- 
ntandy — ^by  the  exhalation  from  within  of  heated  vapours  and 
thermal  waters,  and  the  eruption  of  incandescent  lavas.  The 
continuance  of  these  phenomena,  through  every  past  age  of 
the  globe,  proves  the  accession  of  continual  increments  of 
caloric  from  great  depths  within  its  interior  to  the  mass  of 
lava,  or  the  materials  fr^m  which  lava  is  elaborated,  that 
underlies  the  outer  hardened  and  comparatively  cooled  crust. 

It  would  seem,  indeed,  that  the  outward  transmission  of 
internal  heat  by  these  two  combined  modes  is  insufficient  for 
its  discharge  as  rapidly  as  it  is  supplied  from  within,  inasmuch 
as  a  third  collateral  order  of  phenomena,  the  plutonic — i .  e.  the 
occasional  upheaval  of  large  areas  of  the  solid  surface  of  the 
globe,  accompanied  in  some  cases,  perhaps  not  sensibly  in  all, 
by  earthquakes — attests  the  frequent  expansion  (only  to  be 
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accounted  for  by  increased  temperature)  of  extensive  nnder- 
lying  masses  of  matter.  But  it  is  possible  that  the  elevation 
of  some  tracts  may  be  compensated  by  the  proportionate  de- 
pression of  others  at  a  greater  or  less  distance^  and  therefore 
that  these  oscillatory  movements  may  be  the  result  rather  of 
the  lateral  shifting  of  the  flow  of  heat  from  one  mass  of  sub« 
terranean  matter  to  another  neighbouring  one^  than  of  its 
positive  increase  on  the  whole.  Such  a  lateral  diversion  of 
the  outward  flow  of  heat  we  may  presume  to  be  caused  (as 
was  suggested  in  the  first  edition  of  this  work  *,  and  more 
fully  argued  by  Mr.  Babbage  in  his  notice  on  the  Temple  of 
Serapisf)  by  the  deposition,  over  certain  areas,  of  thick, 
newly-formed  beds  of  any  matter  imperfectly  conducting 
heat,  like  sedimentary  sands,  gravels,  clays,  shales,  or  cal- 
careous mud,  by  which  the  outward  transmission  of  heat 
being  checked,  it  must  accumulate  beneath,  while  a  portion 
of  it  will  pass  off  laterally  to  augment  the  temperature  of 
mineral  matter  in  neighbouring  areas;  just  as  the  water  of 
a  spring,  if  its  usual  issue  is  blocked  up,  will  accumulate  in 
the  fissures  or  pores  of  the  rock  containing  it,  until  it  finds 
another  vent  on  either  side  and  at  a  higher  level.  Owing  to 
this  increase,  the  resistance  opposed  by  the  overlying  rocks 
in  that  quarter  may  be,  sooner  or  later,  overcome,  and  their 
elevation  brought  about,  through  the  dilatation  of  the  mineral 
matter  beneath.  Their  upheaval  may  take  effect  by  violent 
and  sudden  jerks  or  paroxysms ;  or  gradually  and  slowly,  like 
a  creep  :  but  in  either  case  it  must  be  accompanied  by  their 
dislocation  and  the  production  of  cracks,  faults,  and  fissures 
through  them ;  the  rending  asimder  being  probably  accom- 
panied in  each  case  by  a  jarring  vibration  propagated  through 
their  horizontal  extension  to  considerable  distances,  corre- 
sponding to  those  sudden  undulatory  shocks  of  the  surface 
which  we  call  earthquakes. 

•  *  Volcanos/  ed.  1825,  p.  30. 

t  €^1.  Proc  vol.  ii.  p.  72 ;  and  Ninth  Bridgewater  Treatise,  p.  200. 
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Such  rents  will  be,  for  the  most  part,  vertical — that  is,  at 
right  angles  to  the  strain  of  the  surface-rocks.  Many  of  them 
(the  greater  number  probably),  especially  when  the  expansion 
which  occasions  the  elevation  takes  place  at  great  depths,  will 
be  mere  faults,  i.  e.  separations  of  continuity,  allowing  massive 
portions  of  the  solid  beds  affected  to  rise  above  the  level  of  the 
rest,  the  two  sides  of  each  cleft  remaining  in  dose  contact  and 
tightly  pressed  together,  though  perhaps  more  or  less  shifted  in 
relative  level.  Others  will  be  wedge-shaped;  that  is,  open  at 
one  end  and  closed  at  the  other.  And  of  these,  some  will  gape 
downwards,  towards  the  heated  and  expanding  mass  beneath ; 
others  upwards,  towards  the  outer  atmosphere. 

We  have  seen,  in  an  earlier  chapter  (p.  48),  that  there  will  be 
a  tendency  to  the  production  of  outwardly  opening  fissures  of 
this  last  kind  towards  the  central  parts  of  the  elevated  area, 
the  lower  portions  of  which  will  be  kept  forcibly  closed  by 
horizontal  compression;  and  that,  on  the  other  hand,  the 
fissures  formed  on  the  margins  of  the  upheaved  area  will  tend 
to  open  downwards,  being  similarly  closed  above.  These  last 
alone,  then,  will  be  injected  by  the  rush  of  heated  and  liquefied 
matter  from  beneath,  which  may  or  may  not,  according  to 
the  nature  of  the  fractiu'es,  force  its  way  into  communication 
with  the  atmosphere  and  enter  into  eruptive  ebullition  as  a 
volcano.  Or  it  may  remain  for  some  time  in  a  molten  con- 
dition at  a  greater  or  less  depth  beneath  the  outer  surface,  as 
one  of  those  localized  pockets  or  focal  reservoirs  which  have 
been  already  spoken  of,  in  a  state  of  extreme  tension,  ready  to 
break  out  at  any  time  into  external  eruption,  should  any  new 
commotion  of  the  confining  rocks  so  far  moderate  the  com- 
pression to  which  it  is  subjected  as  to  enable  it  to  rise  through 
some  newly  opened  or  widened  fissure  into  the  vicinity  of  the 
atmosphere.  On  the  other  hand,  the  expanding  matter  below 
the  central  axis  of  dislocation  in  the  elevated  area,  though 
upheaving  the  solid  rocks  above  in  anticlinal  or  tilted  masses, 
will  not  only  have  to  sustain  their  entire  weight,  but  will  be 
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resisted  in  its  upward  progress  by  the  ^am^  or  horizontal  com- 
pression^ which  must  tend  forcibly  to  squeeze  together  the 
opposite  sides  of  any  fissure  formed  in  that  situation^. 

§  2.  The  results,  then,  of  such  a  local  change  of  temperature 
would  seem  to  be,  first,  the  dilatation — whether  or  not  amoimt- 
ing  to  fusion — and  consequent  upward  pressure  and  bodily 
rise  of  the  expanding  matter  beneath  the  centre  or  medial 
line  of  the  area  afiected,  but  without  producing  its  outward 
extravasation  there;  and,  secondly,  and  at  the  same  time, 
the  upward  rush  and  (sooner  or  later,  probably)  the  exter- 
nal eruption  of  portions  of  this  heated  and  fluidified  matter 
through  fissures  formed  towards  the  margin  of  the  elevated 
area,  and  ranging  in  parallel  lines  on  one  or  both  sides 
of  its  central  axis  of  maximum  upthrust.  The  latter  process 
will  not  necessarily  be  accompanied  by  any  elevation  or 
even  disturbance  of  the  rocks  through  which  these  fissures 
are  broken — indeed  is  more  likely  to  be  attended  by  their 
subsidence  than  their  elevation,  because  the  escape  of  much 
molten  matter  and  hot  vapour  at  these  points  may  admit  of 
the  partial  sinking  of  some  adjoining  area  of  the  overlying 
rocks,  their  enormous  weight  being  no  longer  supported  to 
the  same  degree  as  before.  That  such  subsidence  does,  in 
feet,  sometimes  take  plaee  is  shown  by  many  known  instances 
where  the  upper  stratified  rocks  in  the  vicinity  of  an  eruptive 
fissure  or  volcanic  vent,  instead  of  dipping  outwardly  firom  it, 
are  found  to  dip  inwardly  towards  it, — this  dip  evidently 
originating  in  the  depression  of  the  parts  adjoining  the  fissure 
on  one  or  both  sides  as  the  lava  from  beneath  escaped 
outwardly. 

Mr.  Heaphy  gives  an  example  of  this  kind  from  the  New 
Zealand  volcanos  in  the  neighbourhood  of  Auckland.  (See 
fig.  63,  and  Quart.  Joum.  Geol.  Soc.  xvi.  p.  245.) 

Mr.  Darwin  describes  and  delineates  a  perfectly  similar  fact, 
in  the  island  of  St.  Jagof* 

•  Bee  note,  pp.  50  &  61,  nqira,  t  Volcanic  Islands,  p.  9. 
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Fig.  63. 


lertiar;  (trnta  dipping  ajnoliiiallj  lownrds  a  volcanic  vent,  ii 
near  Auckland.      {C,  Heaphv.) 

1\>  what  distance  the  relief  bo  caused  by  the  escape  of 
Nupted  matters  may  be  propagated  horizontaJly  along  the 
underlying  heated  zone,  in  such  degree  as  to  admit  of  the 
actual  lateral  transfer  of  fluid  matter  under  the  squeezing 
preasiue  of  the  overlying  rocks,  must  be  doubtful.  But  it  is 
quite  conceivable  that  this  effect  may  in  some  cases  extend  far, 
and  cause  the  depression  of  overlying  areas  more  or  less  re- 
mote. And  even  beyond  the  limit  at  which  fluid  movement 
ceases,  heat  may  be  expected  to  pass  away  by  conduction,  and 
slow  Bubsidence  to  occur. 

The  first  class  of  results  will  be  signalized  outwardly  by 
earthquakes,  and  upheaval  of  the  superficial  rocks  afiected  in 
a  conical  or  dome-shaped  mass,  or  more  probably  in  a  great 
anticlinal  ridge ;  the  latter  by  the  eruption  of  lavas  and  gaseoua 
explosions,  and  occasionally  the  slow  mdndence  of  neigh- 
bouring areas. 

Sir  J.  Herschel*  exclusively  attributes  these  alterations  of 
level  in  the  earth's  crust  to  "  changes  in  the  incidence  of 
pressure  on  the  general  substratum  of  hquefied  matter  which 
supports  the  whole."  I  think  I  have  adduced  sufiicient  gronnds 
for  doubting  that  the  substratum  is  generally  liquefied,  and 
for  the  belief  that  the  phenomena  of  elevation  and  depression 
*  Phys.  Oeogr.  p.  116. 
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may  be  equally  explained  by  the  suppositioD  of  the  transference^ 
not  of  liqtdd  matter^  but  of  heat  from  one  part  of  a  solid  sub- 
stratum to  another^  and  that  the  cause  of  this  transference  is 
not  so  much  variation  of  pressure,  as  of  obstruction  to  the 
outward  escape  of  heat,  owing  to  the  accumulation  or  dimi- 
nution of  sedimentary  strata  above — ^more  or  less  imperfect 
conductors  of  heat.  It  is,  however,  conceivable  that  the  lateral 
flow  of  heat  thus  occasioned  may  be  often  accompanied  by  the 
fusion  of  those  layers  of  matter  through  which  it  finds  a  way; 
in  which  case  pressure  will  operate  to  some  extent  in  the 
mode  suggested  by  Sir  J.  Herschel,  to  transfer  bodily  quantities 
of  the  fluidified  matter  from  beneath  an  area  where  sedi- 
mentary  matter  is  accumulating  towards  another  which  offem 
greater  facilities  for  its  escape,  either  through  habitually 
eruptive  fissures,  or  by  intrusion  into  lines  of  previous  disloca- 
tion. This  view  of  the  subject  seems  to  be  that  of  Mr.  Bab- 
bage,  which  Professor  Phillips,  in  his  able  Presidential  address 
to  the  Greological  Society  in  1859,  spoke  of  as  '^securely  foimded 
on  the  inevitable  effect  of  the  vertical  displacement  of  the 
interior  surfaces  of  equal  temperature  by  every  removal  of 
matter  from  the  land  and  its  deposition  in  the  sea — masses  of 
the  eartVs  crust  being  in  consequence  changed  in  bulk  and 
changed  in  place/'  Indeed,  without  the  continual  transmis- 
sion of  fresh  heat  from  below,  varying  its  upward  course  ac- 
cording to  the  varying  conductivity  of  the  overlying  matters, 
it  would  seem  that,  in  place  of  continual  oscillations,  both  the 
internal  isothermal  planes,  whether  liquid  or  solid,  and  the 
outer  terraqueous  surface  of  the  globe,  under  the  influence  of 
meteoric  abrasion,  must  long  since  have  arrived  at  a  uniform 
level,  and  thenceforward  remained  imdisturbed. 

§  3.  The  relation  here  presumed  between  the  plutonic  and 
volcanic  forces  will  accoimt  for  such  facts  as  the  precise  coin- 
cidence of  the  eruption  of  1835  in  the  island  of  Juan  Fernandez 
with  the  great  earthquake  which  affected  the  coast  of  Chili  at 
a  distance  of  300  miles,  on  the  east,  and  raised  it  by  several 

t2 


276    RELATION  OP  VOLCANIC  AND  PLUTONIC  BOCKS. 

feet^  at  the  same  instant  of  time*;  and  other  instances  already 
mentioned  (see  p.  7)  of  the  coincidence  of  volcanic  eruptions 
with  violent  earthquakes  affecting  neighbouring  r^ons. 

It  is  yet  more  strongly  supported  by  the  very  general  &uct 
that  eruptive  vents  are  found  to  occur  in  strings  or  lines  at 
some  distance  on  one  or  both  sides  of  the  principal  mountain- 
ranges  of  the  globe^  and  preserving  a  decided  parallelism  either 
to  their  axes  of  maanmum  disturbance^  or  to  the  outlines  of 
the  nearest  elevated  areas ;  while  parallel  depressed  areas  are 
often  observable  on  the  other  side  of  the  train  of  vents,  where 
subsidence  may  be  presumed  to  have  operated  contempora- 
neously with  the  rise  of  the  upheaved  area  and  eruptions  firom 
the  volcanic  fissures. 

It  is,  I  think,  impossible  to  cast  a  glance  at  any  map  of  the 
globe  on  which  the  sites  of  volcanic  development  are  indi- 
cated without  being  struck  by  the  truth  of  this  generalization, 
which  I  ventured  to  proclaim  in  the  first  edition  of  this  work 
in  1825,  and  which  has  been  since  admitted,  and  attributed 
to  the  cause  to  which  I  then  assigned  it,  by  MM.  Humboldt, 
Von  Buch,  Darwin,  Lyell,  and  other  geologists,  as  well  as  by 
Sir  John  Herschel,  in  his  recent  volume  on  Physical  Geo- 
graphyt. 

♦  So,  too,  the  three  great  volcanos  of  Chili — Osomo,  Minchimnado, 
and  Orcovado — ^immediately  opposite  the  Isle  of  Chiloe,  were  observed 
by  Mr.  Douglas  (who  at  the  time  of  this  great  earthquake  was  residing 
there)  to  break  out  into  violent  eruption  at  the  moment  of  its  occurrence. 
They  remained  eruptive  for  several  months.  Again,  in  the  accoimt  of 
the  earthquake  of  1822,  at  Valparaiso, — '^  At  the  instant  of  the  shock  two 
volcanos  in  the  neighbourhood  of  Valdivia  burst  out  suddenly,  with  great 
violence  and  noise,  illuminating  the  sky  for  several  minutes,  and  as  sud- 
denly subsiding  to  a  quiescent  state." 

The  inhabitants  of  the  whole  coast,  says  Mr.  Darwin,  are  firmly  con- 
vinced of  an  intimate  connexion  between  the  suppressed  activity  of  their 
volcanos  and  the  more  formidable  tremblings  of  the  ground  (GeoL  Trans. 
Ser.  2,  vol.  v.  p.  616). 

t  **  Trains  of  volcanic  eruptive  vents  are,  as  a  general  fact,  parallel  to, 
or,  as  in  the  Andes,  crown  the  crests  of,  mountain-ranges  or  raised  con- 
tinental shores "  (Darwin,  '  Volcanic  Islands,'  p.  129).     See,  too,  Her- 
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For  example^  throughout  the  entire  length  of  North  Ame- 
rica, the  train  of  volcanos  that,  with  occasional  intervals,  closely 
borders  its  western  shore  maintains  a  very  exact  parallelism 
with  the  not  far  distant  elevated  axis  of  the  Rocky  Moun- 
tains— the  back-bone  of  that  continent — and  its  prolongation 
southwards  through  Mexico.  In  South  America,  the  imme- 
diate coast-range  of  the  Cordilleras  is  itself  eruptive,  and  has 
been  so  through  all  past  geological  periods  up  to  the  present 
day — from  the  commencement  of  the  deposition  of  those  vast 
sedimentary  formations  which  are  seen  to  form  a  great  system 
of  parallel  elevated  ridges  and  terraced  plains,  flanking  on  the 
east  in  close  proximity  the  lofty  chain  of  volcanic  vents  along 
the  entire  north  and  south  extent  of  the  continent.  Most  re- 
markable, too,  is  the  fact,  that  precisely  at  that  medial  spot  of 
the  two  Americas  where  the  breadth  of  elevated  land  is  re- 
duced to  a  narrow  isthmus,  and  its  height  to  a  few  hundred 
feet,  between  the  lOth  and  20th  degrees  of  N.  latitude,  we  find 
both  an  extraordinary  development  of  volcanic  activity  on  the 
western,  and  on  the  eastern  side  of  the  simken  basin  of  the 
Caribbean  Sea  another  parallel  N.  and  S.  chain  of  active  vents 
— almost  the  only  instance  of  eruptive  action  on  the  eastern 
side  of  the  continent  from  BafSn's  Bay  to  Cape  Horn.  Here 
elevation  and  eruption  have  evidently  taken  place  in  inverse 
proportion  to  each  other. 

Again,  that  prodigious  volcanic  band  which  borders  the 
Pacific  Ocean  on  the  west,  from  the  northern  extremity  of 

schers  'Physical  Geography/ p.  115 ;  and  Von  Buch,  'lies  Canaries,* 
p.  664.  The  complete  accordance  of  Baron  Humboldt  in  this  view  of  the 
relation  between  the  plutonic  and  volcanic  forces  may  be  seen  from  the 
following  passage  in  the  last  volume  of  his  '  Eosmos '  (p.  415,  Sabine's 
translation)  : — *^  I  am  inclined  to  believe  that  islands  and  coasts  are  only 
richer  in  volcanos  because  the  upheaval  effected  by  internal  elastic  forces 
is  accompanied  by  depression  of  the  bed  of  the  adjacent  sea;  so  that  an 
area  of  elevation  borders  on  an  area  of  subsidence,  and  at  the  limit  between 
these  areas  great  and  profound  clefts  and  fissures  are  occasioned."  This 
is  precisely  the  view  embodied  in  the  text  of  the  first  edition  of  this  work 
(pp.  194-207). 
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Kamtschatka  southwards^  follows^  though  at  a  considerable 
distance^  the  general  trend  of  the  principal  coast-lines  and 
elevated  mountain-ranges  of  Eastern  Asia,  repeating  indeed, 
on  some  points^  its  lines,  whether  curved  or  straight,  in  a  most 
striking  manner;  as,  for  instance,  in  that  portion  which, 
threading  the  Andaman  Isles,  Sumatra,  Java,  Flores  and 
Timor,  and  turning  northwards  through  the  Moluccas  and 
Philippine  Isles,  forms  an  advanced  breastwork  encircling  and 
parallel  to  the  neighbouring  elevated  coasts  of  Siam,  the  Malay 
Peninsula,  Borneo,  and  Cochin  China.  And  the  Australasian 
volcanic  embranchment  through  New  Guinea  and  New  Cale- 
donia to  New  Zealand  pursues  the  exact  curve  of  the  high 
lands  of  the  coast  of  Australia  adjoining  it  on  the  west. 

On  the  other  hand,  the  interval  between  these  two  great 
lines  of  eruptive  activity  fringing  the  opposite  continents  of 
Asia  and  America,  is  occupied  by  the  vast  depressed  basin  of 
the  Pacific  Ocean,  great  part  of  which  is  believed,  with  appa- 
rent probability,  to  have  been  undergoing  for  ages  a  con- 
tinuous process  of  subsidence. 

Take  another  example.  A  belt  of  seismic  and  volcanic 
disturbance  borders  on  the  south  the  broad  chain  of  heights, 
or  rather  platform,  that  composes  Chinese  and  Russian  Tar- 
tary.  Taking  a  westward  direction  from  the  valley  of  the 
(Ganges,  where  it  may  be  said  to  continue  that  of  the  west 
coast  of  Burmah,  just  referred  to,  it  is  prolonged,  through 
Central  India  and  Cutch,  into  Persia.  The  groups  about 
Lake  Van,  Ararat,  and  Elbourz  continue  it  towards  Asia 
Minor,  Syria,  and  the  Archipelago,  whence  it  ranges  along 
the  whole  length  of  the  valley  of  the  Mediterranean,  many  of 
whose  islands  and  coasts  are,  or  have  been,  the  sites  of  vol- 
canic eruption,  maintaining,  in  this  long  east  and  west  course, 
a  general  parallelism  to  the  direction  of  the  elevated  ridge 
which  constitutes  the  spine  of  the  Old  World — across  its 
entire  breadth  from  Cape  Finisterre  to  China,  through  the 
Pyrenees,  Alps,  Carpathians,  Caucasus,  and  Himalayas.    Thus, 
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also^  there  is  every  reason  to  believe  that^  during  the  period 
which  witnessed  the  rise  of  this  ridge  firom  below  the  ocean 
(probably  by  a  series  of  paroxysmal  efforts) — carrying  up, 
on  its  solid  crystalline  axes,  the  tertiary  marine  deposits  now 
found  there  at  elevations  of  some  thousand  feet  above  the 
sea,  and  throwing  them  often  into  vertical  folds, — volcanic 
outbursts  were  contemporaneously  taking  place  from  distant 
but  parallel  fissures  of  eruption,  ranging  north  and  south 
across  Central  France,  and  along  the  whole  western  coast  of 
Italy  to  the  extremity  of  Sicily  (parallel  to  the  Alps  of  Dau- 
phin^ and  Cenis,  the  Maritime  Alps,  and  the  Apennines) ; 
and  east  and  west  (parallel  to  the  main  range  of  the  Alps  and 
Carpathians)  across  the  whole  plain — then  probably  a  shallow 
sea-bottom — of  Germany,  Bohemia,  and  Hungary,  from  the 
Eifel  to  Moldavia,  and  thence  eastwards  along  the  northern 
base  of  the  Central  Asiatic  platform. 

So,  again,  westward  of  Europe,  we  may  more  than  suspect 
the  existence  of  an  irregular  curving  belt  of  volcanic  deve- 
lopment, partly  still  submarine,  partly  subaerial,  threading 
the  several  volcanic  groups  of  Iceland,  the  Azores,  Madeira^ 
the  Canaries,  the  Cape  Verde  Isles,  St.  Paul,  Ascension,  and 
St.  Helena, — a  belt  which  rudely  corresponds  with  the  outline 
of  the  adjoining  European  and  African  coast,  and  is  bordered 
on  the  other  side  by  the  vast  depression  of  the  Atlantic 
valley.  Even  within  the  limits  of  our  own  little  islands,  we 
may  trace  a  parallelism  in  the  early  volcanic  outbursts  of  the 
Hebrides  and  the  north  of  Ireland,  on  the  N.W.,  with  the 
crystalline  plutonic  axis  of  Scotland,  Wales,  and  Devon ;  while 
to  the  south  of  the  Grampians  another  parallel  volcanic  ad- 
jimct  shows  itself  in  the  old  trap-dykes  and  eruptive  lavas  that 
range  from  the  Friths  of  Forth  and  Tay  across  the  island  to 
Westmoreland. 

§  4.  No  doubt,  innimierable  exceptional  irregularities  must 
have  occurred.  Accidental  differences  in  the  position  of  the 
points  of  greatest  and  of  least  resistance  in  the  overlying 
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rocks  will  almost  everywhere  have  modified  the  general  ten- 
dency to  parallelism  between  the  lines  of  maximum  dislocation 
and  elevation  and  those  of  outward  eruption^  so  as  to  hinder 
their  complete  accordance.  Moreover,  transverse  fissures, 
taking  a  direction  more  or  less  perpendicular  to  the  primary 
lines  of  dislocation,  have  evidently  (as  might  be  expected  fix>m 
the  theory  of  their  production  ^)  in  some  places  given  rise  to 
transverse  axes  of  elevation  and  fissures  of  eruption. 

As  one  striking  example  of  the  latter  fact,  I  may  point  to 
the  volcanic  chain  of  the  Aleutian  Isles,  which  branches  off 
nearly  at  right  angles  firom  the  two  great  north  and  south 
bands  bordering  the  Pacific  Ocean  on  the  east  and  west. 
Another  is  observable  in  the  transverse  chain  of  the  Mexican 
volcanos,  and  more  than  one  instance  among  those  of  Central 
America. 

In  the  European  system,  the  elevated  axes  of  the  great 
XJralian  North  and  South  range,  and  of  the  Dauphin^  and 
Maritime  Alps,  the  Apennines  and  Cevennes,  cross  the  general 
direction  of  the  Alps  and  Carpathians  nearly  at  right  angles ; 
each  of  these  mountain-chains  being  accompanied  by  a  parallel 
belt  of  volcanic  rocks. 

This  transverse  intersection  of  parallel  volcanic  and  plu- 
tonic  ranges  may  be  observed  on  a  still  smaller  scale  in  the 
region  of  Rome  and  Naples,  where  one  volcanic  band  passes 
through  Vesuvius,  Bocca  Monfina,and  the  Alban  and  Umbrian 
groups,  parallel  to  the  main  ridge  of  the  calcareous  Apennines^ 
and  another  connects  Mount  Vultur,  the  Phlegraean  fields, 
Procida,  and  Ischia,  crossing  the  first  in  a  line  ranging  south- 
west, and  precisely  parallel,  in  its  turn,  to  the  embranchment 
of  elevated  Apennine  limestone  which  forms  the  promontory  of 
Castel  k  Mare  and  Amalfi,  and  the  island  of  Capri. 

§  5.  Sometimes  the  relative  local  conditions  of  the  antago- 
nistic forces  of  expansion  and  resistance  will  have  caused  the 
primary  and  transverse  lines  of  maximum  dislocation  to  com- 

*  See  note,  p.  60,  supra. 
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bine  into  a  curve.  That  of  the  Alpine  range^  from  the  Julian  on 
the  extreme  east  to  the  Maritime  Alp  on  the  west  (doubling 
back^  indeed^  still  further  to  the  east  again  in  the  Northern 
Apennines)^  may  be  referred  to  as  a  well-known  example. 
Another  may  be  seen  in  the  great  curve  of  the  Carpathian 
primary  axis  firom  Moravia  eastwards^  and  then  round  to  the 
souths  where  it  still  almost  blocks  up  the  valley  of  the  Danube 
and  joins  the  Balkan^  enclosing  the  whole  of  Hungary  in  its 
sweep.  We  may  compare  to  these  curved  dislocations  that 
remarkable  circular  sweep^  noticed  above^  of  the  volcanic  train 
of  the  Pacific  round  the  east  coast  of  Borneo^  itself  appa- 
rently the  extremity  of  a  spur  from  the  Thibetan  platform 
forming  the  elevated  axis  of  the  Cambodian  peninsula. 

Sometimes  the  force  of  upheaval^  instead  of  being  concen* 
trated  on  a  line^  and  so  giving  rise  to  an  axial  upthrust^  will 
have  been  spread  over  a  wide  area^  and  caused  the  elevation 
of  an  extensive  tract,  the  strata  of  which  wiU  have  preserved 
more  or  less  of  their  horizontality,  though  probably  traversed 
by  numerous  faults,  and  here  and  there  perhaps  squeezed  up 
into  undulating  folds  by  accidental  irregularities  of  pressure. 
Of  this  I  may  instance,  on  the  largest  scale,  the  enormous 
plateau  of  Central  Asia,  and  the  vast  plains  of  Siberia  and 
European  Russia  north  and  west  of  it.  In  not  a  few  cases 
it  is  allowable  to  suppose  that,  instead  of  an  upthrust  axis 
tilting  the  overlying  horizontal  strata  on  both  flanks,  one  side 
of  the  main  primary  fissure  has  been  alone,  or  principally, 
elevated,  leaving  the  area  on  the  other  side  comparatively 
unmoved,  or  retaining  its  original  level.  Of  this  disposi- 
tion it  would  not  be  difficult  to  find  examples.  Indeed, 
Mr.  Symonds,  in  his  admirable  paper  on  the  Malvems,  sug- 
gests this  very  theory  to  account  for  the  peculiar  phenomena 
of  that  upraised  tract  *.  And  the  entire  continent  of  South 
America  may  be  instanced  as  an  example  of  the  same  kind  on 
the  largest  scale, — the  great,  nearly  straight,  north  and  south. 

♦  Quart.  Joum.  Geol.  Soc.  1860. 
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primary  fracture^  along  the  west  coast^  having  in  this  case 
given  issue  to  a  vast  series  of  volcanic  outbursts,  accompany- 
ing, through  a  long  term  of  ages,  the  progressive  upheaval  of 
the  wide  sloping  plateaux  that  form  the  basins  of  the  Orinoco, 
Amazons,  and  Plate  Rivers,  and  the  Pampas  of  Patagonia, 
together  with  the  axial  ranges  of  Brazil,  on  the  east,  while  on 
the  west  the  bed  of  the  Pacific  either  remained  stationary  or 
subsided. 

This  general  parallelism  of  the  Unes  of  external  eruption 
with  those  of  maximum  upheaval,  and  their  proximity  to  areas 
of  presumed  depression,  cannot  be  looked  upon  as  fortuitous. 
Some  general  cause  must  have  occasioned  so  general  a  fact. 

§  6.  The  rare  occurrence  of  active  volcanos  within  the  in- 
terior of  the  raised  continental  tracts  seems  to  confirm  the 
view  here  taken  as  to  the  nature  of  this  cause.  It  moreover 
accords  with  and  explains  the  usual  structure  of  the  axial 
ranges  of  such  elevated  tracts  observable  wherever  denudation 
has  sufficiently  disclosed  it — ^viz.  a  central  core  of  hypogene 
crystalline  rock — granite,  syenite,  or  porphjrry — which  haa 
evidently  been  thrust  up  from  beneath,  and  has  carried  up^ 
and  shouldered  on  either  side,  the  schistose  and  sedimentary 
strata  that  overlaid  them.  The  absence,  among  these  axial 
crystalline  masses,  of  glassy  or  vesicular  lavas,  scoriae,  pumice, 
ash,  or  any  other  of  the  characteristic  products  of  subaerial  or 
submarine  volcanos,  proves  the  different  circumstances  under 
which  they  were  extruded*. 

§  7.  Now  what  was  the  character  of  this  plutonic  matter  at 
the  time  of  its  upthrust?  The  opinion  of  M.  Scheerer,  of 
Christiania,  upon  this  subject,  formed  &om  close  and  mature 
study  of  the  great  development  of  granite  in  Scandinavia, 
may  be  thus  epitomized.  After  proving  by  analysis  that 
water  is  combined  chemically  with  the  crystalline  minerals 

•  It  would  be  convenient  if  the  term  '  eruption '  were  confined  to  vol- 
canic action,  and  that  of '  expulsion'  or ' extrusion '  employed  to  designate 
the  upthrust  of  plutonic  matter  unaccompanied  by  aeriform  explosions. 
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of  granite  in  proportions  reaching  even  to  ten  per  cent,  in 
some,  he  concludes  that  all  granite  formed  at  one  time  a  kind 
of  watery  paste — ^  une  bouillie  aqtieuse/  or  moistened  magm% 
into  the  composition  of  which  hydrates  of  silex,  of  alumina^ 
and  other  bases  entered ;  that  it  occupied  in  this  state  a  very 
much  larger  space  than  in  its  actual  solid  condition ;  that  it 
seems  to  have  been  intensely  heated,  under  a  degree  of  com- 
pression sufficient  to  prevent  the  vaporization  of  the  water^ 
the  result  being  that  the  solid  atoms  already  separated  by  the 
heat  would  be  still  more  separated  (or  tend  to  separate  them- 
selves still  further)  by  the  interposition  of  high-pressure 
steam,  which  would  greatly  add  to  the  liquidity  of  the  mass. 
This  condition  of  the  granite,  he  says,  although  it  may  be  called 
a  state  of  fusion,  is  not  one  of  simple  igneous  fusion,  and  the 
results  on  its  cooling  would  be  proportionately  different.  The 
crystals  of  felspar  and  others  not  containing  water  would 
crystallize  firsl^the  mica,  which  contains  much  water,  pro- 
bably  next — and  the  silex,  which  the  heated  water  would 
longest  hold  in  solution,  last.  This  silicate  in  its  liquid  state 
moreover  would  fill  the  shrinkage-rents  or  other  crevices 
formed  in  the  granite  as  it  consolidated,  giving  rise  to  quartss- 
veins,  &c.^  M.  Elie  de  Beaumont  fuUy  adopts  these  views  of 
M.  Scheerer,  which  are  identical  with  those  put  forward  in  the 
first  edition  of  this  work,  and  are,  I  believe,  now  generally 
accepted  by  geologists. 

§  8.  If  now  we  reflect  on  the  probable  condition  of  the 
upper  layer  of  the  plutonic  granitoidal  matter  at  the  time  of 
its  upthrust  against  or  through  the  superincumbent  solid 
crust — crystalline  or  granulated  in  its  texture  (the  process  of 
crystallization  being  perhaps  commenced  but  not  completed), 
yet  so  far  liquefied  as  to  penetrate  the  finest  crevices  of  the 
rocks  against  which  it  is  pressed — at  an  intense  tempei^ture^ 
as   proved  by  its  metamorphic  influence  upon  them — and 

*  ''  Sur  la  nature  plutonique  da  Granit  et  des  Silicates  ciystallins  " 
(Bulletin,  2*  s^r.  iv.  p.  479  et  seq,). 
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subject  itself  to  an  enormous  squeeze  between  the  upward 
pressure  of  the  expandmg  mass  beneath^  and  the  downward 
pressure  occasioned  by  the  weight  and  cohesion  of  the  over- 
lying rocks^  as  well  as  to  a  violent  more  or  less  horizontal 
compression  or  fictional  shove  from  either  side  towards  the 
central  fissure  of  dislocation  and  upheaval — I  think  we  may 
perceive^  as  a  necessary  result^  that  the  dragging  movement 
impressed  under  these  circumstances  upon  the  more  or  less 
solid  crystalline  particles  composing  this  upper  layer  must 
have  forced^  or  led^  them  (according  to  the  d^ree  to  which 
the  process  of  crystallization  had  proceeded)  to  take  that 
laminar  arrangement  which  in  an  earUer  chapter  was  shown 
to  be  produced  in  the  felspathic  lavas  by  similar  conditions  of 
lateral  movement  under  great  pressures^  and  which^  acting 
upon  mineral  matter  of  the  triple  composition  of  granite^  will 
transform  it  into  a  rock  resembling  the  typical  character  of 
gneiss^  or  '  laminated  granite/  and,  if  continued,  would  be 
likely  (as  shown  also  in  the  case  of  the  felspathic  lavas)  to 
crush  and  contort  the  rock  so  laminated  into  those  capricious 
zigzag  folds  which  characterize  the  crystalline  schists.  What- 
ever crevices  were  formed  during  this  process  (as  would  espe- 
cially be  likely  at  the  extreme  angles  of  flexure)  must  be 
instantly  occupied  either  by  the  expanding  granitic  magma 
from  beneath,  or  the  more  liquid  siliceous  juice  with  which 
the  semi-consoUdated  gneissic  matter  itself  was  permeated, 
thus  giving  rise  to  the  veins  of  granite  or  of  quartz  so  frequent 
in  these  rocks*. 

•  Professor  Rogers  describes  the  gneiss  of  North  America  as  having 
"  a  larger  crystalline  grain  in  the  lower  beds,  where  it  parses  into  granite, 
lesser  crystals  in  the  middle  zone,  and  a  finer  grain  and  minuter  lamina- 
tion in  the  upper.  In  these  last,  any  insulated  felspar-crystals  have  the 
form  of  lenticular  knots  "  (which  is  precisely  the  effect  that  would  be 
produced  by  a  dragging  squeeze).  "  It  is  penetrated  by  numerous  dykes 
and  veins  of  granite,  and  also  of  serpentine,  which  terminate  in  the  gneiss, 
and  m  the  neighbourhood  of  which  it  is  usually  much  contorted  "  (Qeo 
logy  of  Pennsylvania,  p.  70.)  " 
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That  the  gneissic  rocks  were  crTstalHzed  and  solidified,  or 
nearly  so,  before  their  injection  and  elevation  hy  these  con- 
temporaneous veina,  is  clear  from  the  fact  of  their  having  split 
asunder  to  admit  of  the  penetration,  as  likewise  from  the 
acute  zigzag  fohlinga  into  which  they  were  crumpled  at  the 
time  of  their  protrusion.  The  inferior  granitic  matter  evi- 
dently never  found  its  way  in  these  axial  regions  up  to  the 
open  air  while  retaining  a  temperature  high  enough  to  cause 
the  ebullition  of  the  water  contained  in  it.  Its  effervescence 
was  probably  stifled  by  the  weight  of  the  overlying  masses, 
and  especially  by  the  crush  and  jam  of  its  own  upper  lami- 
nated and  consolidated  layers  towards  the  throat  of  the  axial 
iracture.  The  woodcut  (fig.  64)  may  serve  to  give  an  imper- 
Fig.  64. 


Ideal  aection  of  &  mountaiQ -chain  elerited  bj  the  uplhrust  of  a  gnuiitic  axil, 
of  which  the  upper  lajei  is  laniiiiated  and  cnimplMl  bj  the  friction  and 
oblique  preuure  wbicli  it  ondergoea. 

feet  idea  of  the  supposed  conditions  of  upthrust  of  such  an 
axial  wedge  of  granite. 

The  planing  action  of  aqueous  denudation,  and  the  sub- 
sequent deposition  of  sedimentary  strata  or  conglomerates 
upon  the  worn  surface,  have  in  most  cases  more  or  less  ob- 
literated or  obscured  the  signs  of  ibis  stru^le.  The^  may, 
notwithstanding,  be  recognized  by  observant  eyes  wherever 
natural  sections  of  a  mounts  axis  sufiBciently  disclose  its 
structure.  The  granitic  axial  wedges  were  themselves  probably 
for  the  most  part  consolidated  long  before  they  reached  the 
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position  in  which  we  now  find  them^  since  they  are  seen  to 
have  been  repeatedly  fractured  and  penetrated  by  dykes  of 
varying  mineral  matter^  whose  intrusion  was,  no  doubt^  syn- 
chronous with  the  successive  steps  of  their  elevation. 

Such  repeated  intrusions  must  have  caused  the  propor- 
tionate lateral  as  well  as  vertical  dilatation  of  the  axial  mass, 
and  shoved  off  the  elevated  strata  on  either  side. 

§  9.  It  is  true  that  an  axial  injected  mass  of  liquefied 
granite,  cooling  by  outward  conduction  of  its  heat,  would,  as 
it  consolidated,  lose  about  one-sixth  of  its  bulk,  and  sustain 
proportionate  shrinkage-rents  more  or  less  at  right  angles  to 
the  cooling  surface.  But  these,  I  presume,  would  be  imme- 
diately filled  either  by  injection  from  beneath,  or  by  exudation 
of  the  finer  crystalline  matter,  or  silicate,  from  the  sides  of 
each  fissure ;  thus  maintaining  the  full  horizontal  dimensions 
of  the  mass  at  the  expense  of  its  height :  so  that  when  fresh 
expansions  beneath  fracture  it  again,  and  inject  new  matter 
into  its  veins,  it  will  still  grow  in  bulk  laterally,  and  continue 
to  thrust  off  still  further  on  either  side  the  strata  that  lean 
against  it,  and  perhaps  compress  them  into  parallel  folds. 

It  does  not,  however,  seem  at  all  unlikely  that  some  of  the 
more  extended  masses  of  the  kind  were  expelled  at  a  high 
temperature  and  in  a  condition  of  imperfect  liquidity  (such 
as  we  have  recognized  in  many  of  the  large-grained  gra- 
nitoidal  trachytic  lavas),  and  spread  over  the  bottom  of  an 
ocean  too  deep  to  admit  of  any  gaseous  ebullition.  I  refer 
particularly  to  such  masses  as  the  old  granitic  platforms  of 
Central  France,  of  Brittany,  of  Devonshire,  of  Scandinavia,  &c. 
In  some  spots,  as  in  the  Val  di  Passa,  there  is  an  evident 
overlapping  of  fossiliferous  strata  by  extravasated  syenite  or 
granite*. 

♦  The  syenite  of  Skye  has  been  partly  protruded  in  huge  seminBoUd 
tKwses  (thrusting  aside  the  disrupted  strata,  which  it  has  altered  to  a  le- 
n^kable  degree)  and  partly  erupted  in  masses  which  overUe  shales  of  the 
^-lassie  age  without  disturbing  them,  but  insinuating  itself  into  cracks 
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A  crust  would^  no  doubt^  harden  on  the  upper  surface  of 
all  such  extruded  crystalline  masses^  which^  as  the  process  of 
coolings  and  consequent  contraction^  proceeded  downwards^ 
must  have  formed  a  sort  of  arch^  pressing  with  a  powerful  late- 
ral thrust  upon  the  sides  of  the  fissure  it  occupied^  or  whatever 
rocks  bordered  its  flanks.  The  latter  would  be  thus  again 
forced  outwards  and  more  or  less  crumpled. 

§  10.  The  repetition  of  upthrusts^  and  intrusions  of  heated 
mineral  matter  into  &esh  ruptures  firom  beneath^  must^  sooner 
or  later^  force  the  bulk  of  the  crystalline  axis^  in  a  solid  boss 
or  wedge^  entirely  through  the  higher  folded  and  laminated 
layers^  as  well  as  the  overlying  rocky  strata ;  both  of  which 
would  be  partly  carried  up  with  the  rising  axial  ridge,  partly 
tilted  and  shouldered  aside  into  positions  where  their  own 
gravity  must  assist  the  tendency  of  the  lateral  pressure  of  the 
intrusive  wedge,  and  cause  them  to  slide  off  on  either  side  in 
fractured  blocks,  or  waving  undulations  parallel  to  the  main 
axis,  according  to  their  degree  of  induration,  or  softness,  or 
slipperiness  at  the  time.  Fresh  injections  of  intrusive  granite 
into  the  axial  mass  taking  place  from  time  to  time  would  have 
the  effect  of  driving  these  lateral  strata  further  and  further 
aside,  occasioning,  after  the  manner  of  landslips,  an  infinity  of 
fissures,  faults,  corrugations  and  other  disturbances,  varied  by 
such  accidental  resistances  as  the  lateral  movements  might 
encoimter.  Owing  to  these  irregular  influences,  the  corruga- 
tions may  be  formed  but  partially  parallel  to  the  primary  axis 
of  elevation — which,  indeed,  itself  may  (as  has  been  already 
observed),  from  similar  causes,  lose  its  rectilinear  direction 
and  become  curvilinear  or  otherwise  distorted. 

If,  as  seems  not  at  all  improbable,  the  lateral  corrugations 
should  reach  down  to  depths  at  which  the  mineral  matter  is 

and  conforming  exactly  to  all  the  inequalities  of  the  stratification.  There 
is  a  difference  in  the  texture,  says  Mr.  Geikie,  of  the  'disrupting'  and  the 
'  overlying'  syenites.  The  former  is  coarser  in  grain,  the  latter  finer  and 
more  felspathic  (Geikie  on  Skye,  Quart  Joum.  GeoL  Soc.  1847,  p.  14). 
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in  a  molten  state^  or  in  such  a  condition  of  tennon  as  to  into- 
mesce  upon  its  relief,  to  a  certain  extent,  firom  pKaeare,  this 
result  would  be  likely  to  take  place  at  the  base  of  the  anti- 
clinal curvatures,  while,  on  the  other  hand,  any  cracks  that 
may  be  formed  at  the  base  of  the  intervening  synclinal  folds 
would,  owing  to  their  gaping  downwards,  be  instantly  injected, 
giving  rise  to  the  trap-dykes,  or  intrusive  wedges  of  igneous 
rock,  which  we  frequently  observe  in  such  positions  (see  6g.  66). 

Fig.  65. 


Biample  (of  frequent  oocurrenoe)  of  plutonic  rocks  at  the  junction  of  antidinAl, 

and  volcanic  at  that  of  Bynclinal,  strata. 

The  snap  caused  by  the  creation  of  each  of  such  fissures 
would,  I  imagine,  occasion  those  sensible  superficial  vibrations 
through  the  adjoining  and  overlying  rocks,  which  we  call 
earthquakes. 

§11.1  observe  that  Professor  Rogers  attributes  the  parallel 
undulations  of  the  superficial  strata — which,  as  remarkably 
exhibited  in  the  two  typical  examples  of  the  Appalachian  and 
Jura  chains,  he  admirably  describes — to  the  effect  of  a  wave 
of  translation  impressed  on  liquid  matter  beneath,  and  propa- 
gated laterally  in  the  manner  of  a  sea-wave,  raising  the  thin 
and  imperfectly  consolidated  crust  in  wrinkles  as  it  moved 
forward  *.     I  do  not  think  it  necessary  to  suppose  either  the 

*  ''  The  wave-like  structure  "  (of  the  Appalachians,  &c.)  "  is  caused  by 
an  actual  pulsation  in  the  fluid  matter  beneath  the  earth's  crust,  pro- 
pagated in  the  manner  of  great  waves  of  translation."  ''The  oscillation 
of  the  crust  produced  by  an  euctuel  Jhating  forward  of  the  rocky  parts  is 
the  cause  of  an  earthquake."  (Rogers,  Geology  of  Pennsylvania,  p.  886.) 
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action  so  sudden  and  single^  or  the  crust  so  thin^  or  the  liquid 
substratum  so  generally  distributed  beneath  it^  as  this  theory 
requires^  which  is^  in  fact^  only  the  old  one  that  ascribes  the 
undulatory  movements  of  earthquakes  to  the  transmission  of 
waves  along  the  surface  of  a  fluid  underlying  the  thin  solid 
crust  of  the  globe.  I  have  already  said  that  I  agree  with 
Mr.  Mallet  in  believing  the  vibratory  undulations  of  earth- 
quakes to  be  transmitted  through  solid  matter  entirely,  and 
not  to  require  for  their  production  any  hypothetical  fluid  sub- 
stratum. It  seems  to  me  that  the  lateral  and  parallel  foldings 
of  the  superficial  strata  on  one  or  both  sides  of  an  elevated 
range  may  be  amply  accounted  for  by  the  conjoint  influence  of 
the  two  causes  which  I  have  here  indicated :  viz.,  first,  the 
horizontal  compression  to  which  (on  the  principle  exemplified 
in  a  breaking  beam)  the  upper  layers  of  an  elevated  area  will 
be  subjected  towards  its  marginal  limits  (see  fig.  4,  p.  49) ; 
secondly,  the  immense  lateral  thrust  that  must  be  consequent 
on  the  tilting  up  of  the  overlying  strata  at  a  high,  or,  indeed, 
any  angle,  and  the  repeated  extrusion  through  them  of  axial 
wedges  of  hypogene  matter,  which,  as  they  were  consolidated 
and  began  to  subside,  would  (as  explained  above)  force  out- 
wards the  lateral  abutments.  The  strata  acted  on,  it  should  be 
remembered,  were  mostly  at  the  time,  as  shown  by  the  sharp- 
ness of  their  flexures,  in  a  soft  and  pasty  state,  permeated,  no 
doubt,  by  water,  and  formed  of  clayey  micaceous  and  other 
slippery  substances — ^therefore  liable  to  be  stretched  and  crum- 
pled up  even  imder  the  influence  of  their  own  gravity  alone,  as 
they  slid  away  laterally  towards  a  lower  level,  in  the  manner 
of  a  landslip. 

The  very  similar  but  more  intensely  crumpled  and  zigzag 
foldings  of  the  inferior  strata,  or,  rather,  of  the  upper  laminated 
granitic  matter  beneath  these  (gneiss  and  the  crystalline 
schists),  I  attribute,  as  already  stated,  to  the  horizontal  com- 
pression or  jam  sustained  (as  in  the  beam)  by  these  lower 
layers  in  the  neighbourhood  of  the  axis  of  dislocation,  aided 
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by  the  frictional  drag  of  the  wedge  of  granitic  matter  pressing 
powerfully  in  an  oblique  direction  against  them  in  its  struggle 
to  rise  and  force  itself  through  the  narrow  throat  of  the  frac- 
ture (see  fig.  64). 

This  theory  I  prefer  not  only  to  that  of  Prof.  Rogers,  but 
also  to  the  one  suggested  by  Mr.  Hopkins,  as  I  understand  it 
— namely,  that  the  horizontal  compression  evidenced  in  the 
crumpling-up  of  the  lateral  strata  on  either  side  of  an  upthrust 
axis  was  caused  by  the  mutual  pressure  of  great  angular  masses 
of  elevated  rock,  collapsing  in  consequence  of  the  outward  escape 
of  vast  volumes  of  vapour j  the  expansion  of  which  beneath  had 
occasioned  their  previous  elevation*.  I  do  not  believe  that  there 
is  any  evidence  of  such  an  escape  of  vapour  having  accompanied 
or  followed  the  elevation,  whether  paroxysmal  or  gradual,  of 
the  plutonic  axis  of  a  mountain-chain.  It  is,  on  the  contrary, 
as  has  been  remarked  above,  the  absence  of  such  outward 
escape  of  vapour  which  mainly  distinguishes  plutonic  from 
volcanic  action.  On  the  other  hand,  I  cannot  conceive  the 
upthrust  of  such  an  axial  wedge  unaccompanied  by  the  several 
conditions  of  horizontal  compression  and  consequent  crushing 
in  both  the  upper  and  lower  layers  of  the  uplifted  mass,  which 
I  have  indicated  above  f. 

§  12.  With  this  important  exception,  I  agree  in  much  of 
the  view  taken  by  Professor  Rogers  as  to  the  eflfects  of  an  axial 
upthrust  upon  the  strata  thrown  oflF  on  either  side — ^the 
'  keying  ^  of  their  flexures  by  the  intrusion  of  molten  matter 

♦  Brit.  Assoc.  Report,  1847. 

t  I  am  not  aware  that  this  view  of  the  crushing  action  of  the  process 
of  upheaval,  at  these  distinct  positions,  has  been  pointed  out  by  any 
other  writer  on  geological  dynamics.  I  suggested  it  in  the  first  edition 
of  this  work,  but  it  does  not  appear  to  have  been  noticed  by  subsequent 
authors.  Had  Mr.  Hopkins  intended,  in  the  above-cited  passage,  to  refer 
only  to  the  lateral  thrust  of  an  arched  crust  subsiding  as  the  intruded  fluid 
matter  beneath  was  undergoing  refrigeration  and  consequent  contraction, 
I  should  fiilly  agree  with  him  in  considering  this  to  be  one  of  the  modes 
in  which  the  cnimpling  of  the  lateral  strata  may  be  accounted  for.  (See 
p.  287,  supra.) 
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from  beneath,  and  its  consolidation  there — the  peculiar  steep- 
ness of  the  foldings  on  the  side  towards  which  the  shove  takes 
place,  the  crests  of  the  waves  breaking  over,  as  it  were,  as  they 
advance — their  gradual  flattening  and  widening  as  they  recede 
from  the  centre  of  disturbance  towards  the  unaffected  areas  on 
either  side — the  general  parallelism  of  the  greater  undulations 
to  the  general  trend  of  the  chief  neighbouring  upthrust  axes — 
and  the  occasional  disarrangement  of  this  parallelism,  or 
occurrence  of  transverse  undulations  occasioned  by  cross- 
movements  (like  the  waves  of  a  chopped  sea),  perhaps  at  dif- 
ferent epochs — as  also  the '  cleavage '  of  such  stratified  masses 
as  are  composed  of  inequiaxed  particles,  by  the  repeated 
transmission  of  squeezing  pressures  in  planes  parallel  to  the 
strike  of  the  wave. 

In  the  Rocky  Mountains,  the  Andes,  the  Himalayas,  and  the 
Alps,  lateral  undulations,  characterized  by  these  features,  are 
observable  on  the  largest  scale.  The  Cordilleras  of  Chili, 
according  to  Mr.  Darwin,  present  eight  or  more  parallel, 
highly  tilted  anticlinal  ridges  in  succession,  fifty  to  sixty  miles 
apart, — intrusive  volcanic  rock  having  frequently  risen  through 
the  base  of  the  synclinal  troughs.  Each  of  these  ridges  is 
half  as  high  as  Etna.  Those  of  the  Himalayas,  from  the 
observations  of  Captain  Strachey,  appear  to  be  of  even  more 
stupendous  magnitude.  He  finds  there  a  general  parallelism 
of  all  the  principal  ridges,  of  the  intervening  valleys,  or  lines  of 
drainage  (which  are  also  the  lines  of  the  chief  faults  or  rup- 
tures), of  the  strike  of  the  elevated  strata,  of  the  succession  of 
stratified  deposits,  and  of  the  lines  of  igneous  eruption  or  in- 
trusion. The  great  axial  heights  (the  snowy  peaks  of  the 
Himalayas)  are  of  granite,  which  in  its  upthrust  has  shouldered 
off  the  schists  and  strata  on  either  side.  The  vast  undulatory 
ridges  of  the  Jura  range,  thrown  off  to  the  north  by  the  ele- 
vation of  the  Central  Alps,  are  well  known,  and  have  been 
often  described.  In  our  islands  many  similar  series  of  parallel 
waves  of  strata  are  familiar  to  geologists. 
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§  13.  The  replications  of  some  strata^  especially  the  schistose^ 
are  so  numerous  and  repeated^  as  to  suggest  their  having 
undergone  a  more  extended  lateral  movement  than  it  is  easy 
to  account  for.  But  it  should  be  recollected  that  the  same 
pressure  which  crumples  the  strata  into  these  folds  also 
flattens  and  extends  them  in  the  direction  of  their  planes. 
The  distortion  of  some  fossils  in  slates  shows  that  the  squeeze 
they  underwent  often  doubled  the  original  extension  of  each 
layer^  of  course  reducing  the  thickness  of  each  in  the  inverse 
proportion.  A  stratum  therefore  of  shale^  for  example^  ori- 
ginally measuring  a  mile  in  horizontal  extent^  mighty  during 
the  process  of  replication^  be  so  far  attenuated  that  it  would 
cover  somewhat  more  than  two  miles  if  unfolded^  and  yet 
the  two  vertical  planes  between  which  compression  took  place 
may  have  approached  each  other  in  only  a  very  small  de- 
gree in  a  horizontal  direction, — the  increased  extension  of  the 
squeezed  strata  having  been  gained  entirely  in  the  opposite 
(t.  e.  a  vertical)  direction — ^which  will  be  usually  that  of  least 
resistance.  This  extension  of  squeezed  strata  in  the  direction 
of  their  planes  will  be  proportionate  to  the  facility  with  which 
the  particles  slip  or  slide  past  one  another,  and  hence  is  greatest 
in  the  micaceous  shales,  and  least  in  the  calcareous  or  coarse 
arenaceous  rocks. 

Wave-like  plications,  indeed,  could  only  take  place  at  all 
when  the  strata  were  at  the  time  in  such  a  condition  of  softness 
or  composed  of  such  slippery  materials  as  would  allow  of  their 
yielding  to  the  force  that  operated  on  them  in  curved  or  zigzag 
flexures.  When  they  were  so  rigid  as  to  break  rather  than 
bend,  the  effect  upon  them  of  the  transmission  of  the  horizontal 
pressure,  or  imdulatory  impulsion,  would  be  to  break  them  up 
by  generally  vertical  fissures  into  separate  masses,  and  oft;en 
to  elevate  the  side  of  each  fissure  whence  the  shock  travelled 
(or,  in  the  case  of  oblique  fissures,  the  side  towards  which 
they  lean)  above  the  opposite  one — owing  to  the  well-known 
tendency  of  separate  masses,  when  in  contact  and  subjected  to 
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pressure  oblique  to  the  resisting  surface,  to  be  displaced  by  a 
sliding  motion  (see  p.  5 1 ) .  Hence  it  is  that,  as  we  pass  from  the 
axis  of  an  elevated  range  over  moderately  inclined  strata  of  this 
character,  we  usually  find  the  abrupt  faces  of  the  greater  faults 
fronting  us,  and,  unless  planed  away  by  subsequent  denuda- 
tion, forming  so  many  escarpments  or  steps  to  be  surmounted 
in  our  path.  There  are  fajilts  in  the  Appalachians  of  1000 
feet  perpendicular.  The  tendency  of  formations  of  limestone 
and  sandstone,  especially  the  former,  when  too  much  indu- 
rated to  admit  of  folding,  to  break  up  under  elevatory  shocks 
into  rectangular  masses  of  which  the  strata  still  preserve  their 
horizontality,  is  exemplified  in  many  districts.  As  one  re- 
markable instance  I  may  mention  that  called  Les  Gausses,  in 
the  old  French  province  of  the  Cevennes — an  extensive  ele- 
vated platform  of  horizontal  cretaceous  and  oolitic  strata,  cut 
up,  by  intricate  and  narrow  clefts  nearly  a  thousand  feet  deep, 
into  separate  blocks  bounded  by  precipitous  cliffs.  Another  is 
to  be  seen  in  the  magnificent  mountain  masses  of  dolomitic 
limestone  in  the  Tyrolese  and  Carinthian  Alps. 

The  numberless  successive  movements  to  which  the  same 
area  has  often  been  subjected  are  shown  by  the  many  instances 
observable  of  faults  seen  to  stop  at  certain  levels ;  traversing, 
that  is  to  say,  the  palaeozoic  and  stopping  at  the  secondary 
rocks ;  or  the  latter,  and  not  the  tertiary. 

Indeed,  the  various  modes  of  displacement  to  which  stra- 
tified masses  have  been  subjected,  under  the  joint  influence  of 
the  elevating  force  and  their  own  gravity,  multiplied  by  the 
ever-changing  accidents  of  resistance  occasioned  by  their 
peculiar  composition,  structure,  condition,  and  position  at  the 
time  of  each  shock,  the  number  and  force  of  these,  and  the 
shiftings  of  the  points  from  which  they  proceeded,  must  neces- 
sarily have  been  so  numerous  as  to  defy  classification  or  de- 
scription. All  the  great  mountain-ranges  of  the  globe  pre- 
sent examples  of  the  concision  resulting  from  these  com- 
plicated conditions  of  mechanical  disturbance.     But  though 
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the  results,  taken  in  detail,  are  often  difficult  of  explanation — 
only  a  fractional  amount  of  the  operating  causes  being  dis- 
cernible at  any  one  spot — there  generally  reign  throughout 
sufficient  order  and  uniformity  of  character  in  them  to  enable 
geologists  to  ascribe  their  phenomena  primarily  to  the  up- 
thrust  of  some  great  central  axial  wedges  of  crystalline  hypo- 
gene  rock — granite  or  its  congeners. 

Extreme  distortion  and  replication  are,  however,  generaUy 
confined  to  the  vicinity  of  such  an  axial  ridge  throwing  off  layers 
of  laminated  granite  and  the  overlying  strata  on  either  side. 
The  conditions  of  resistance  or  of  subterranean  expansion  have 
occasionally  caused  the  elevation  of  a  wide  area  in  such  a 
manner  as  to  preserve  its  horizontality  more  or  less  completely 
— the  primary  fractures  being  confined  to  its  marginal  limits. 
Or  the  superficial  rocks  have  been  raised  up  on  one  side  only  of 
a  primary  fissure,  leaving  their  continuation  on  the  other  side 
undisturbed,  or  nearly  so.  Such  variations  will  necessarily  have 
affected  in  a  corresponding  manner  the  position  of  the  fissures 
of  volcanic  eruption  as  well  as  of  plutonic  disturbance ;  bring- 
ing the  two  classes,  for  example,  in  the  latter  case  perhaps  to 
coincide — as  seems  to  have  occurred  with  the  great  axial  dis- 
locations and  eruptive  fissures  of  the  American  continent — 
instead  of  having  a  considerable  interval  between  them,  as  is 
generally  the  case  in  the  European  and  Asiatic  examples*. 

§  14.  Theory  of  Earthquakes. — In  the  above  suggestions  I 
have  referred  the  sensible  undulatory  movements  of  the  earth's 
surface,  which  we  call  earthquakes,  to  the  snap  and  jar  occa- 
sioned by  the  sudden  and  violent  rupture  of  solid  rock-masses, 

♦  Sir  J.  Herschel  (Phys.  Geogr.  p.  302)  inclines  to  ascribe  the  crum- 
pling of  strata  to  the  subsidence  of  slimy  sediment  In  hollows  of  the  sea- 
bottom  during  its  tranquil  deposition.  This  theory  fails  to  account  for 
(indeed,  is  inconsistent  with)  these  general  facts : — 1st,  the  increase  of 
corrugations  as  an  axis  of  upheaval  is  approached  ;  and  2ndly,  their  paral- 
lelism  to  it.  Moreover  there  still  remain  faults  and  fractures  to  be  ac- 
counted for.  And  it  U  evident  that  the  same  disturbing  movements 
which  so  broke  up  consolidated  strata,  must  have  cnimpled  them  up  when 
in  a  8oft  state. 
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and  perhaps  the  instantaneous  injection  into  them  of  intu- 
mescent  molten  matter  from  beneath.  Mr.  Mallet,  in  his  able 
Report  on  Earthquakes*,  on  the  contrary,  sees,  in  submarine 
eruptions  of  volcanic  matter,  the  chief  agent  in  the  production 
of  the  more  violent  earthquakes.  He  thinks  "  an  eruption  of 
igneous  matter  taking  place  beneath  the  sea  must  open  large 
clefts  or  fissures  in  its  rocky  bottom,  through  which  water 
gains  access  to  the  ignited  surfaces  of  lava  beneath.''  The 
water  remains,  he  thinks,  "  at  first  in  the  peculiar  state  which 
Boutigny  calls  spheroidal,  until  the  lava-surface  is  cooled  down 
to  the  point  at  which  repulsion  ceases,  and  it  comes  into  close 
contact  with  the  heating  surfaces;  then  a  vast  volume  of 
steam  is  evolved  explosively,  and  blown  off  into  the  deep  and 
cold  water  of  the  sea,  [where  it]  is  instantly  condensed ;  and 
thus  a  sort  of  blow  and  impulse  (or  several)  of  the  most  tre- 
mendous sort  is  given  at  the  volcanic  focus,  and,  being  trans- 
fefred  outwardly  in  all  directions,  is  transmitted  as  the  earth- 
qtuzke-shock,"  &c. 

In  this  view  of  the  result  of  a  submarine  eruption  I  cannot 
concur.  It  appears  to  me,  like  all  the  theories  which  ascribe 
volcanic  action  to  the  penetration  of  meteoric  or  oceanic  water 
to  some  heated  or  metallic  nucleus  below  the  earth's  surface, 
to  be  arguing  in  a  vicious  circle  (like  the  old  Eastern  fable 
which  makes  the  globe  rest  on  an  elephant,  the  elephant  on 
a  tortoise,  but  omits  to  say  what  the  latter  rests  upon) ;  for  in 
these  theories,  the  first  action,  or  the  originating  cause  of  the 
whole  series,  is  the  formation  of  fissures  in  the  earth's  crust. 
But  what  causes  these  ?  Not  (according  to  the  theory)  volcanic 
action ;  for  that  is  itself  occasioned  by  the  fissures  admitting 
sea- water.  Not  earthquakes;  for  they  are,  ea;  hypothesi, 
themselves  the  results  of  subaqueous  volcanic  action.  Well, 
then,  the  originating  cause  being  still  to  be  sought  in  that 
inferior  expansive  force  which  produces  the  fissures,  why 
may  we  not  believe  that  the  production  of  these  fissures — i.  e. 

*  Brit.  Assoc.  Report,  1850,  p.  79. 
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the  \doleiit  and  sudden  rending  asunder  of  the  solid  rocks 
which  form  the  surface  of  the  earth,  many  miles  probably  in 
thickness,  and  whether  below  the  sea  or  not — ^may,  by  the 
jarring  vibration  caused  in  the  overstrained  rocks  as  they  snap 
apart,  propagated  on  either  side  through  their  continuous 
masses  in  undulatory  piflsations,  be  the  true  cause  of  the  earth- 
quake ? — and  should  any  of  these  fissures,  opening  downwards, 
penetrate  so  far  into  a  heated  lava-mass  below  as  to  give  rise 
to  its  ebullition  by  relieving  it  from  the  excess  of  pressure  that 
confines  its  intensely  elastic  gases  or  interstitial  vapour — of 
a  lava-dyke  or  a  volcanic  eruption  ? 

I  cannot  but  think  the  more  reasonable  theory  to  be,  that 
the  volcanic  eruption  is  thus  brought  on  by  the  same  primary 
cause  as  the  earthquake,  namely,  the  expansion  of  some 
deeply-seated  mass  of  mineral  matter,  owing  to  augmentation 
of  temperature  or  diminution  of  pressure. 

This,  in  fact,  accords  with  what  Mr.  Mallet  himself  si^ys 
in  another  part  of  his  Report* : — "  There  is  more  than  a  mere 
vaguely-admitted  connexion  between  the  earthquake  and  vol- 
cano, as  heretofore  commonly  acknowledged — so  vaguely,  that 
the  earthquake  has  sometimes  been  stated  as  the  cause  of  the 
volcano,  and  sometimes  the  volcano  of  the  earthquake,  neither 
view  being  the  expression  of  the  truth  of  nature.  They  are  not 
in  the  relation  to  each  other  of  cause  and  eflFect,  but  are  both 
unequal  manifestations  of  a  common  force  under  different  con- 
ditions/' In  this  view  I  need  hardly  say  that  I  fully  concur ; 
but  it  appears  to  me,  on  the  grounds  dwelt  on  above,  incon- 
sistent with  the  notion  advocated  by  Mr.  Mallet  himself,  that 
the  earthquake  is  the  result  of  a  submarine  volcanic  eruption. 

§  15.  Progression  of  Plutonic  action. — The  analogy  of  ro/- 
canic  phenomena,  which  present  occasional  paroxysms,  but 
generally  exhibit  minor  developments  at  successive  intervals, 
or  a  continuous  moderate  activity,  leads  to  the  belief  that  the 

t  Fourth  Report  on  Earthquake   Phenomena,  p.  67,  in  Brit  Assoc. 
Report,  18.>8. 
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action  of  the  plutonic  forces  likewise  has  probably  been  some- 
times paroxysmal^  sometimes  gradual  (frequent  moderate 
eflForts  alternating  with  intervals  of  quiescence) — sometimes 
continuous,  but  slow  and  comparatively  tranquil — like  a  creep. 
Such  a  view  of  the  conduct  of  plutonic  energy  is  in  perfect 
harmony  with  the  observations  of  geologists  upon  the  number- 
less examples  of  changes  of  level  and  disturbances  in  the 
superficial  rocks.  It  is  to  be  remarked,  as  Mr.  Hopkins  says 
in  his  paper  on  the  Lake-district  (1848),  that  dislocation  and 
elevation  are  not  necessarily  produced  to  an  equal  extent  by 
the  same  plutonic  action.  '^  Great  dislocations  may  have 
been  the  result  of  more  violent,  and  great  elevations  that  of 
more  continued  or  more  frequently  repeated  action  of  the 
elevatory  forces.^'  It  is  nevertheless  true,  as  has  been  said 
above,  that  the  greatest  amount  of  dislocation  is  usuatty 
observable  in  the  most  elevated  tracts  of  the  earth's  surface— 
the  mountain- ranges  of  the  globe — and  that  as  we  recede  from 
them,  the  fewer  and  the  less  violent  in  general  are  the  derange- 
ments visible  in  the  superficial  rocks,  such  as  faults,  dykes, 
vertical  or  high  angular  tilting, -contortions  of  strata,  &c. 

Mr.  Darwin  expresses  the  opinion  that  mountain-chaiiis 
are  only  subsidiary  phenomena  to  wide  continental  elevations, 
effected  very  slowly  and  by  repeated  shocks,  with  intervals  of 
rest ;  every  shock  being  attended  with  one  or  more  fractures, 
and  the  injection  of  lava  or  fluid  stone  of  some  kind  from 
beneath  into  them,  followed  by  its  cooling  and  consolidation. 
"  In  the  Conception  earthquake  of  1835  there  were  300  suc- 
cessive shocks ;  so  the  fluid  stone  must  have  been  pumped  into 
the  axis  by  as  many  separate  strokes*.^'  He  believes  that  the 
ridges  of  the  Cordilleras  were  upheaved  by  steps  as  slow,  pro- 
bably, as  those  which  create  a  mountain  by  the  successive  accu- 
mulation of  the  matters  erupted  from  an  intermittent  volcano. 

*  Darwin  *'  On  the  identity  of  the  force  which  elevates  continents  with 
that  which  occasions  volcanic  outhursts "  (Geol.  Trans.  2nd  ser.  vol.  v. 
p.  CIO). 
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§  16.  Metamorphism, — During  all  these  alternating  periods 
of  convulsion  and  repose^  the  internal  heat  is^  no  doubt^  pass- 
ings both  by  conduction  and  convection,  through  whatever  rocky 
masses  intervene  between  the  intensely  heated  matter  beneath 
and  the  external  surface  of  the  globe,  accompanied  by  water, 
steam,  or  gases,  conveying  chemical  agents  of  various  kinds. 
By  this  means  many  metamorphic  effects  must  be  produced  on 
those  rocks.  As  a  general  rule,  the  signs  of  metamorphism  and 
disturbance  are  met  with  together,  and  in  similar  proportions. 
M.  d^Archiac,  in  the  Preface  to  the  volume  of  his  ^  History ' 
for  1853,  justly  calls  attention  to  the  fact  of  consolidation  and 
tendency  to  metamorphism  in  the  sedimentary  strata  of  moun- 
tain masses,  exhibited  by  the  hardening  of  the  limestones, 
their  assuming  certain  peculiarities  of  colour  and  frequently 
subcrystalline  and  even  saccharoid  textures,  the  conversion  of 
the  laminated  marls  and  sandy  clays  into  schistose  beds,  and 
the  indurated  and  compact  character  of  the  sandy  elements. 
On  the  other  hand,  the  continuations  of  the  same  beds,  when 
forming  horizontal  table-lands  or  extended  plains  composed  of 
conformable  and  undisturbed  strata,  exhibit  entirely  distinct 
mineral  characters,  being  comparatively  unsolidified,  and  put- 
ting on  very  different  features  of  colour  and  texture  ♦.  These 
different  characters  of  the  same  set  of  rocks — according  as 
they  have  been  disturbed  and  crumpled  up,  or  remain  almost 
in  their  original  repose — are  exhibited  in  formations  of  all 
ages,  and  lead  to  the  inference  that  the  greater  amount  of 
metamorphism  is  mainly  due  to  the  greater  energy  of  dynamical 
causes  f. 

It  is,  then,  only  what  might  be  anticipated,  that  the  class 
of  rocks  which  have  generally  sustained  the  greatest  amount  of 

•  See,  in  proof  of  this,  Murchison's  description  of  the  horizontal  low 
plateaux  of  soft  clay,  or  sand,  which  in  part  of  Russia  represent  the  Silu- 
rian system  (*  Siluria,'  chap,  ii.),  while  in  the  Ural  they  have  been  con- 
verted into  cr^'stalliue  schists,  quartzite,  and  granular  marble. 

t  Address  of  Professor  E.  Forbes  to  the  Geological  Society,  1854,  p.76. 
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derangement^  namely  the  foliated  or  schistose  crystallines,  and 
which  are  also  usually  found  in  closest  proximity  to  the  in- 
trusive granitic  matter,  have  suflFered  also  the  greatest  amount 
of  metamorphism — to  such  an  extent,  indeed,  as  to  be  no 
longer  recognizable  as  strata  of  arenaceous,  calcareous,  or 
argillaceous  sediments,  which  they  perhaps  were  before  they 
were  exposed  to  intense  heat,  permeated  by  hot  water  or 
steam  conveying  chemical  reagents  of  great  activity,  possibly 
fused  and  reconsolidated  under  vast  pressures  and  powerful 
internal  movements.  There  is  nothing  improbable,  or  irre- 
concileable  with  the  results  of  experimental  research,  in  the 
idea  that,  by  exposure  to  such  influences,  strata  of  ordinary 
clay,  sand,  silt,  or  calcareous  mud,  may  be  eventually  changed 
into  crystalline  limestones,  slates,  mica-schist,  gneiss,  or  gra- 
nite itself.  The  so-called  metamorphic  rocks  may  be  readily 
believed  to  have  had  such  an  origin ;  and  we  may  conceive 
this  process  of  extreme  metamorphism  to  have  been  going  on 
from  the  beginning  of  time,  and  to  be  still  in  progress  in  the 
depths  of  the  earth's  crust,  creating  fr^esh  supplies  of  molten 
or  liquefied  and  intensely  heated  granitic  matter  out  of  the 
inferior  beds  of  sedimentary  deposit  from  the  superficial 
waters,  after  they  have  been  covered  by  many  thousands  of 
feet  in  thickness  of  similar  strata,  and  perhaps  depressed  to 
depths  where  the  subterranean  igneous  energy  is  at  work  in 
sufficient  intensity. 

§  17.  It  is,  however,  quite  unnecessary  to  suppose  (although 
the  doctrine  is  maintained  by  a  large  class  of  geologists)  that 
the  peculiar  laminar  structure  of  the  chief  crystalline  (or  meta- 
morphic) rocks  is  identical  with  the  original  stratification  of  the 
clays,  sands,  mud,  and  silt,  out  of  which  they  have  been  elabo- 
rated. It  is  difficult  to  believe  that  the  tremendous  processes 
they  must  have  undergone  can  have  left  untouched  the  slight 
seams,  or  variations  of  colour  and  texture,  which  constitute  the 
marks  of  stratification  in  ordinary  sedimentary  strata.  More- 
over in  the  clay-slates,  which  lie  generally  at  the  outer  limit  of 
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the  metamorphic  rocks,  we  observe  the  gradual  and  ultimately 
complete  obliteration  of  these  marks,  and  the  assumption  of  a 
new  divisional  structure — cleavage — under  the  action  of  but. 
a  moderate  degree  of  metamorphism.  Is  it  possible,  then, 
to  imagine  that  in  the  micaceous  schists  and  gneissic  rocks, 
which  have  undergone  a  much  greater  amount  of  metamorphic 
action,  these  marks  of  stratification  should  have  been  pre- 
served in  all  their  original  distinctness,  or,  rather,  rendered  far 
more  distinct  than  they  originally  were  ?  It  is  surely  more 
reasonable  to  believe  that  in  them  likewise  (as  in  the  clay- 
slates)  the  seams  of  stratification  have  been  wholly  obliterated 
and  a  new  divisional  structure  introduced  by  the  powerful 
chemical  and  mechanical  agencies  to  which  they  have  been 
exposed.  The  mode  in  which  this  laminated  or  foliated  struc- 
ture may  have  been  impressed  on  a  granitic  magma  I  have 
explained  by  the  analogy  of  the  laminar  trachytic  lavas,  to 
which,  beyond  all  question,  that  identical  and  peculiar  struc- 
ture was  given  at  the  same  time  with,  or  immediately  previous 
to,  their  crumpling,  crushing,  and  zigzag  folding.  And,  indeed 
(as  I  have  already  observed),  it  is  difficult  to  conceive  any 
other  result  from  the  tremendous  squeeze  which  the  upper 
layers  of  a  semi-solid  granitoidal  mass  must  have  sustained 
during  its  pressure  against  and  upheaval  through  an  axial 
fracture  in  the  overlying  rocks,  by  the  expansive  force  of  some 
still  lower  matter  *.    Moreover,  the  crumpling  effect  resulting 

•  M.  Delesse  distinguishes  two  kinds  of  granite— one  eruptive,  the  other 
metamorphic ;  the  latter  taking  often  a  ffneisaoid  structure.  Gneiss  is 
known  often  to  show  polished  and  striated  surfaces,  proving  a  sliding 
and  slipping  of  its  parts  (Schlagintweit  on  the  Bavarian  Alps).  In 
mica-schists  these  marks  of  friction  are  yet  more  general  and  unmis- 
takeable. 

This  is  not  the  place  in  which  the  question  of  the  origin  of  the  folia- 
tion of  the  gneissoid  rocks  can  be  fuUy  argued.  In  a  paper  read  before 
the  Geological  Society  12th  May,  1868, 1  entered  upon  it  to  some  ex- 
tent (see  The  Geologist,  no.  ix.)  The  late  Mr.  Sharpe  and  Mr.  Darwin, 
as  is  well  known,  concurred  in  the  opinion  here  given,  that,  at  least  aa 
respects  the  oldest  or  fundamental  gneiss,  its  foliated  structure  is  not  due 
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from  the  intense  friction  of  such  a  wedge  of  rock,  forcing 
along  with  it  the  laminated  layers  of  semicrystalline  matter, 
seems  to  explain  satisfactorily  the  otherwise  enigmatical  fact  of 
the  frequent  'fan-shaped'  disposition  of  the  gneissoid  schists, 
and  their  general  dip  towards  the  axis  of  the  mountain-range 
on  the  flank  of  which  they  appear,  as  in  the  Alps,  the  Ural, 
the  Himalayas,  and  other  known  instances. 

§  18.  A  word  remains  to  be  said  as  to  the  circumstances 
which  may  immediately  occasion  any  development  of  subter- 
ranean energy,  whether  on  a  large  or  a  small  scale.  If  the 
reasoning  pursued  in  the  foregoing  pages  has  led  to  the  con- 
clusion that  the  latent  force  of  subterranean  expansion  under 
very  large  areas  of  the  earth^s  surface,  as  well  as  smaller  ones, 
is  often  pressing  with  great  and  increasing  enei^  against  the 
resistances  opposed  to  it  from  above,  we  may  be  sure  that 
occasions  will  occur  when,  these  resistances  being  almost  over- 
come and  on  the  point  of  giving  way,  the  slightest  casual 
diminution  in  any  of  their  elements  will  give  the  signal  for 
their  yielding,  and  bring  about  the  paroxysm  which  had,  in 
fact,  been  long  imminent,  and  needed  but  this  slight  change 
(like  the  last  drop  added  to  the  cup)  to  burst  into  action. 

The  facts  observed  on  already,  in  regard  to  the  eruptions  of 
Stromboli  and  other  permanently  active  volcanos  being  most 
violent  in  stormy  weather  and  with  a  low  barometric  pressure 
(p.  41),  accord  with  this  reasonable  supposition;  and  we 
should  anticipate  that  a  similar  change  in  the  atmospheric 
pressure  upon  a  wider  area  may  give  the  signal  for  the  occur- 
rence of  earthquake-shocks  on  a  larger  scale.  This  view  is 
supported  by  some  of  the  results  obtained  by  Mr.  Mallet  and 
M.  Perrey  as  to  these  phenomena,  which  are  certainly  found 
to  be  more  frequent  in  the  winter  than  in  the  summer,  and  most 

to  original  eedimentary  deposition,  but  to  the  movement  of  the  particles 
under  great  pressure  while  the  mass  was  in  a  condition  of  imperfect 
igneous  fluidity.  Professor  Naumann  has  still  more  recently  advocated 
the  same  \new,  which  is,  however,  resisted  by  Messrs.  Lyell,  Murchison, 
Geikie,  and  others. 
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frequent  at  the  autumnal  equinox^  when  sudden  &i\s  of  the 
barometer  are  common^  and  also  at  times  of  new  and  fiill 
moon^  and  when  the  moon  is  nearest  the  earth.  M.  Perrey 
concludes  from  these  results  that  a  tidal  action  operates  on 
the  fluid  matter  (I  should  rather  say,  on  the  elastic  steam  or 
gases  contained  in  the  matter)  beneath  the  earth's  crust. 

§  19.  But  if  this  be  so,  the  question  arises,  whether  such 
tidal  action,  suddenly  and  violently  called  forth  at  any  time, 
may  have  determined  the  particular  position  of  the  principal 
dislocations  of  the  globe's  surface?  Will  it,  for  example^ 
account  for  the  very  remarkable  preponderance  of  elevated 
land  in  the  northern  hemisphere,  especially  between  the  40th 
and  70th  parallels  of  latitude ;— or  for  the  peculiar  angular 
projections  of  nearly  all  the  great  masses  of  land  towards  the 
south,  while  towards  the  north  they  exhibit  a  great  longitu- 
dinal extension  parallel  to  the  equator  ?  This  configuration 
is  so  general  as  to  give  to  each  of  the  continents  an  outline 
composed  of  a  series  of  unequal  and  irregular  but  nearly  equi- 
lateral triangles,  the  apex  of  each  uniformly  pointing  south- 
wards, and  the  sides  of  course  ranging  obliquely  to  both  the 
equator  and  meridian,  and  varying  little  from  N.E.-S.W.  and 
N.W.-S.E.  Again,  the  two  longest  rectilinear  stretches  of 
continuous  (or  all  but  continuous)  land  in  the  Old  World  have 
almost  precisely  these  same  opposite  directions  of  N.E.-S.W. 
and  N.W.-S.E.,  the  one  extending  from  Behring's  Straits  to 
the  Cape  of  Good  Hope,  the  other  fix)m  Donegal  to  Van  Die- 
men's  Land  *.  At  the  intersection  of  these  two  lines  we  find 
the  Himalayas  and  Thibetan  platform — the  highest  and  most 
massive  elevation  on  the  surface  of  the  globe ;  and  through 
nearly  every  part  of  their  remaining  course  they  either  coincide 
with  or  run  parallel  to,  and  at  no  great  distance  from,  the  prin- 
cipal mountain-ranges  of  the  continents  they  respectively 
traverse. 

In  the  western  hemisphere  a  similar  law  prevails.  The 
*  See  the  Map  appended  to  this  vohime. 
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great  western  axial  and  eruptive  ranges  traverse  the  wh6le 
extent  of  both  Americas  from  Behring's  Straits  to  Cape 
Horn,  with  a  general  N.W.-S.E.  direction,  and  are  met,  or 
nearly  met,  on  the  eastern  side  by  two  transverse  N.E.-S.W. 
ranges ;  one  stretching  along  the  whole  north-eastern  coast  of 
Greenland  (but  broken  at  Baffin^s  Bay),  through  Labrador, 
Nova  Scotia,  and  the  Alleghanies,  towards  Mexico ;  the  other 
from  the  coast  north  of  Cape  St.  Roque,  through  Brazil,  to  the 
Andes  about  Potosi.  This  last  line  may  be  considered,  per- 
haps, as  continued  to  the  east  beyond  the  narrowest  part  of 
the  Atlantic,  from  Cape  Verde,  through  the  Atlas  range  of 
Morocco,  across  the  Straits  of  Gibraltar,  Spain,  Brittany, 
Wales,  the  north  of  Scotland,  and  Norway,  to  the  North 
Cape. 

Another  remarkable  fact  of  a  similar  character  is,  that  the 
general  N.W.-S.E.  direction  of  the  great  eruptive  fissure  of 
Western  America  is  almost  antipodal  to  the  similar  erup- 
tive fissure  of  Eastern  Asia,  of  which,  indeed,  it  is  but  the 
prolongation ;  the  two  together — continued  (as  we  may  pre- 
sume them  to  be)  through  South  Shetland  on  one  side,  and 
South  Victoria  on  the  other,  of  the  South  Pole — nearly  bi- 
secting the  entire  surface  of  the  globe  *. 

Does  not  this  singular  chain  of  coincidences — which  cannot 
be  merely  fortuitous — suggest  the  notion  that  the  sudden  and 
violent  rise  of  a  tidal  wave  of  subterranean  expansion,  accom- 
panied by  its  antipodal  swell,  may  have  fractured  the  earth's 
crust  along  lines  diagonal  to  the  direction  of  rotation  ?  Is  it 
possible  that  the  attraction  of  some  erratic  planetary  body 
passing  rapidly  near  the  earth  north  of  the  equator  and  in  a 
meridional  direction,  by  momentarily  lessening  the  amount 
of  pressure  upon  the  superficial  area  beneath  it,  may  have 
occasioned  the  rise  of  a  tidal  wave  in  the  \mderlying  elastic 

•  The  two  spots  of  the  whole  earth  in  which  the  volcanic  forces  are 
now  most  active,  viz.  the  wreath  of  islands  around  Borneo  in  the  Pacific, 
and  the  circuit  of  the  Caribbean  Sea,  are  exactly  antipodal. 
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matter^  powerful  enough  to  split  the  crust  in  this  series  of 
oblique  zigzag  fissures  and  their  antipodals?  The  removal  of 
but  a  moderate  amount  of  the  atmospheric  pressure  may  have 
sufficed  to  produce  this  effect ;  and  if  we  must  suppose  the 
waters  of  the  ocean  to  have  necessarily  partaken  of  the 
disturbance^  there  are  not  wanting  appearances^  in  the  sudden 
breaks  of  the  succession  of  stratified  rocks  and  their  organic 
contents^  indicating  the  possible  occurrence  in  past  time  of 
more  than  one  cataclysm  of  this  character. 

§  20.  However  this  may  be,  geologists  are  now  generally 
agreed,  from  pala&ontological  evidence,  that  oscillations  of 
level  have  occurred  frequently  on  many,  if  not  on  all  parts  of 
the  earth's  surface,  each  having  been  alternately  elevated  and 
depressed  more  than  once — ^indeed,  repeatedly..  Where  the 
continents  now  spread  themselves,  seas  once  rolled ;  and  where 
the  ocean  now  prevails,  land  formerly  existed.  This  alternate 
rise  and  fall  has  unquestionably  been  going  on  more  or  less, 
though  irregularly,  for  countless  ages;  but  whether  in  a 
uniform  or  in  a.  progressively  diminishing  ratio  is  a  question 
upon  which  geologists  are  divided  in  opinion.  As  respects 
the  volcanic  forces,  their  activity  certainly  does  not  appear  to 
have  lessened  in  any  degree  from  the  earliest  ages  to  which 
geological  observation  can  look  back,  up  to  the  present  day. 
Analogy  therefore  might  be  held  to  support  the  opinion  that 
the  development  of  plutonic  action  has  been  equally  uniform. 
And  if  we  believe — as  we  not  unreasonably  may — that  the  sub- 
terranean granitic  matter,  which  has  been  so  generally  thrust 
up  through  sedimentary  strata,  may  have  been  derived  from 
the  fusion  and  crystallization  of  similar  strata  depressed  to  a 
level  sufficiently  within  the  influence  of  the  internal  heat,  the 
successive  processes  of  ftision,  crystallization,  upheaval,  con- 
version into  sediment  by  meteoric  and  organic  agencies,  de- 
pression^ and  refrision,  may  have  been  continuing  in  endless 
rotation  from  all  eternity. 

This  supposition,  however,  involves  the  further  assumption 
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that  the  outward  transmission  of  heat  firom  the  interior  of  the 
globe — the  primum  mobile  of  the  whole  series — ^has  likewise 
been  going  on  without  diminution  through  all  past  time.  On 
the  other  hand^  the  opposite  view^  namely  that  there  has 
been  a  progressive  decrease  in  the  energy  of  plutonic  action^ 
coincides  with  the  popular  notion  that  the  globe  is  slowly 
cooling  from  a  once  wholly  molten^  perhaps  gaseous^  or  nebular 
state.  I  will  not  attempt  any  argument  for  or  against  either 
of  these  theories,  more  especially  since  the  evidence  by  which 
the  question  must  be  determined  is  mainly  palseontological.  I 
content  myself  with  saying  that  the  latter  appears  to  me  to 
offer  the  most  probable  solution  of  the  question  as  to  the  source 
of  the  internal  heat  of  the  globe,  which  seems,  moreover,  to  be 
supported  by  considerations  derived  from  astronomical  data. 

General  Conclusions  on  Telluric  Phenomena, 

1.  The  earliest  ascertainable  condition  of  the  lowest-known 
matter  forming  the  substance  of  the  globe  is  that  of  a 
granitoidal  triple  mineral  compound,  consisting  generally  of 
felspar,  quartz,  and  mica,  in  a  crystalline  or  granular,  but 
nevertheless  at  times,  if  not  always,  in  a  softened  and  semi- 
liquid  state,  owing  apparently  to  the  interstitial  mechanical 
mixture  of  water  or  the  vapour  of  water,  holding  probably 
more  or  less  silex  in  solution,  among  its  crystals;  this 
'  magma'  being  at  an  intense,  and  occarionaUy  an  increasing 
temperature,  and  consequently  in  a  state  of  violent  elastic 
tension,  by  which  it  presses  forcibly  against  the  overlying 
and  resisting  solid  masses. 

2.  The  highest  layers  of  this  matter  seem  to  have  been  by 
that  upward  pressure,  acting  on  them  while  in  a  pasty  or 
semi-solid  state,  so  squeezed  and  set  in  motion  whenever  the 
giving  way  of  the  overlying  rocks  allowed  of  any  upward 
movement,  as  to  acquire  a  more  or  less  laminar  arrangement 
of  their  component  crystals,  and  in  this  state  to  have  been 
repeatedly  spUt  and  penetrated  by  the  intrusion  of  some  of 
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the  more  liquid  matter  beneath^  and  often  bodily  forced  up 
the  axial  fissure  of  dislocation  in  crumpled  zigzag  folds  or 
upright  walls  of  solid  crystalline  laminated  rock,  to  the  outer 
surface  of  the  globe.  In  their  rise  they  would  necessarily 
shoulder  off  on  either  side  huge  masses  of  the  overljring 
strata,  which,  shoved  horizontally,  or  sliding  down  laterally 
by  their  own  weight,  have  been  in  their  turn  likewise,  when 
sufficiently  soft  or  pliable,  crumpled  up  into  more  or  less 
irregular  parallel  folds,  of  which  the  flexures  are  necessarily 
deepest,  most  frequent  and  close  near  the  axis  of  elevation, 
and  gradually  become  lower  and  wider  as  they  recede  fix>m 
it — subject,  of  course,  to  frequent  irregular  variations  in  the 
direction  and  amount  of  flexure,  determined  by  their  greater 
or  less  solidity  and  structural  arrangement,  as  well  as  by  the 
interference  of  pre-existing  resistances,  or  subsequent  change 
of  position. 

3.  The  fissures  which  by  these  disturbances  are  formed  in  any 
of  the  solid  rocks  in  such  positions  as  to  open  or  gape  down- 
wards into  the  heated  lava  or  granitic  matter  beneath  (and 
such  will  be  for  the  most  part  formed  along  the  margin  of 
the  elevated  areas,  or  the  inferior  bends  of  the  rocky  flexures, 
where  the  strain  is  most  intense),  will  be  injected  by  the 
instantaneous  intumescence  of  this  matter  (owing  to  its 
comparative  relief  from  pressure),  which  on  consolidation 
will  seal  up  the  fissure  and  produce  a  plate  or  '  dyke '  of 
crystalline  igneous  rock. 

4.  The  snap  and  jar  accompanying  the  rending  of  every  such 
fissure  and  the  violent  injection  of  heated  matter  into  it 
occasion  an  undulatory  vibration  in  the  adjoining  masses 
of  solid  rock  forming  the  sides  of  the  rent,  which,  trans- 
mitted through  the  continuation  of  these  beds,  produces 
the  effect  of  an  earthquake-shock,  more  or  less  violent  in 
proportion  to  the  force  and  magnitude  of  the  rent,  the  in- 
tensity of  the  preceding  tension,  the  position  of  the  point 
or  line  of  fracture,  and  the  nature  of  the  rocks  through 
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which  the  shock  is  transmitted.  And  the  superficial  fissuring 
of  the  strata  above  by  the  transmission  of  these  earthquake- 
„ve.  p»b*l,  pj»e,  ^j  rf  ft«e  ^  ^.  «, 
solutions  of  continuity^  and  faults  (that  is,  irregular  eleva- 
tion or  depression  of  the  alternate  sides  of  a  crevice)  which 
are  so  numerous  in  all  elevated  strata. 

5.  It  is  only  when  a  crevice  penetrates  to  some  pocket  or 
focus  of  liquefied  igneous  matter  that  it  gives  occasion  to 
the  formation  of  a  dyke ;  and  should  the  upward  projection 
of  such  matter  force  it  so  far  up  a  fissure  as  to  obtain  free,  or 
approximatively  &ee^  communication  with  the  atmosphere 
or  shallow  wato*,  it  will  enter  into  violent  ebullition  (i.  e. 
volcanic  eruption),  more  or  less  temporary,  until  the  extra- 
vasation of  heated  matter  and  escape  of  vapour  have  cooled 
down  the  contents  of  the  fissure,  or  the  portion  of  underlying 
matter  with  which  it  communicates,  so  far  as  to  give  the 
predominance  to  the  ever-powerful  forces  of  repression. 

6.  The  mineral  matter  (lava)  so  erupted  is  sometimes  in  a 
state  of  complete  glassy  fusion,  but  more  usually  in  one  of 
more  or  less  imperfect  crystallization,  the  mobility  imparted 
to  the  component  granules  or  crystals  by  interstitial  heated 
water  or  steam  in  a  great  degree  occasioning  its  fluidity, 
though  this  is  often  very  imperfect.  The  escape  of  this 
vapour  hastens  the  consolidation  of  the  matter,  and  the  re- 
sulting lava-rock  is  usually  more  porous  and  fine-grained 
than  the  plutonic  lava  consolidated  imder  greater  pressure, 
and  is  more  varied  in  mineral  character,  owing,  probably, 
to  changes  which  it  has  undergone  during*  repeated  fusion 
(or  liquefaction)  and  recrystallization  under  varying  con- 
ditions of  pressure  and  temperature  previous  to  its  eruption. 

7.  The  erupted  matters,  both  firagmentary  and  consolidated, 
generally  accumulate  over  the  vent  in  a  conical  mound,  the 
orifice  whence  the  eruptive  explosions  proceeded  being 
marked  by  a  saucer-  or  cup-shaped  hollow  or  crater.  By 
the  accumulation  of  repeated  ejecta  a  volcanic  mountain  is 
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formed,  composed  generally  of  alternating  beds  of  frag- 
mentary matter  and  consolidated  lava.  These  are  usually 
penetrated  by  numerous  dykes,  by  the  injection  of  which 
into  its  mass  the  bulk  and  height  of  the  mountain  are  also 
more  or  less  augmented. 

8.  These  outward  eruptions  of  the  internal  heated  matter  are 
sometimes  accompanied  or  followed  by  the  subsidence  of 
the  surrounding  or  adjoining  area  (together  with  the  super- 
posed volcanic  masses),  sometimes  by  its  elevation.  And, 
as  a  general  fact,  the  upheaval  by  plutonic  action  of  any 
area  of  the  globe^s  surface  is  usually  attended  by  the  sub- 
sidence of  some  other  not  very  distant  area,  and  by  volcanic 
eruption    from   some  adjoining  or  intervening  point  or 

series  of  points. 

9.  There  is  reason  to  believe  that  the  originating  cause  of 
these  changes  in  the  crust  of  the  earth  is  the  unequal  trans- 
mission through  it  of  heat  from  beneath  upwards,  owing  to 
variations  in  the  covering  surfaces  from  the  deposition  of 
marine  and  other  aqueous  sediments  at  the  bottom  or  on 
the  shores  of  the  ocean,  and  the  abrasion  of  the  land, — heat 
being  thus  driven  to  accumulate  partially,  increasing  in 
some  parts,  diminishing  in  others,  according  to  the  varying 
weight  and  conducting  powers  of  the  overlying  masses. 
Where  the  temperature  is  increasing,  and  the  subterranean 
matter  consequently  swelling,  the  area  above  suffers  eleva- 
tion with  aU  Its  accompanying  phenomena  :  where  it  is  de- 
creasing, the  overlying  subaqueous  or  subaerial  areas  un- 
dergo depression,  from  the  shrinking  of  the  matter  below. 

10.  The  source  of  the  internal  heat  of  the  globe,  which  is  the 
primum  mobile  of  the  whole  series  of  changes,  is  a  question 
the  solution  of  which  I  will  not  attempt,  ftirther  than  by 
saying  that  I  do  not  believe  it  to  be  owing  to  the  oxida- 
tion of  any  metallic  nucleus  by  penetration  of  water  or  the 
atmosphere   (a  theory  given  up   by  Davy,  its  inventor) ; 

.  nor  do  I  understand  how  it  can  be  due  to  the  generation 
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of  electric  currents  within  the  globe^  as  has  sometimes 
been  suggested.  Some  writers  stiU  insist  upon  the  fact 
of  volcanic  orifices  being  found  generally  in  islands,  or 
adjoining  the  sea^  as  proving  that  their  phenomena  are 
occasioned  by  the  access  of  water  from  above  to  the  vol- 
canic focus  beneath.  Two  leading  objections  to  this  view 
have  always  constrained  me  to  reject  it :  viz.^  Ist^  that  a 
motive  power  is  wanting  to  initiate  the  series  of  operations^ 
by  forming  the  fissures  through  which  the  water  is  to  pene- 
trate to  the  volcanic  focus ;  2ndly^  that^  supposing  these  to 
be  formed  in  some  unknown  manner  (of  which  the  theory 
does  not  afford  a  glimpse)^  the  result  might  possibly  be  a 
sudden  explosive  outburst^  but  hardly  the  long-continued^ 
sometimes  even  permanent  and  almost  tranquil  eruptions^ 
which  are  among  the  ordinary  phenomena  of  active  vol- 
canos.  I  incline  rather  to  the  supposition  of  a  gradually 
cooling  nucleus^  still  retaining  much  of  the  intense  tem- 
perature possessed  by  it  at  the  time  of  its  original  formation. 
The  nature  of  heat,  however,  is  as  yet  such  an  impene- 
trable mystery,  that  this  is  a  region  of  conjecture  into 
which  I  scruple  to  enter. 

The  theory  suggested  above  as  to  the  emanation  of  the  cen- 
tral heat  not  only  provides  a  reasonable  origin  for  plutonic  '** ' 
upheavals  and  the  formation  of  fissures  and  faults,  but  also 
for  the  occasional  extravasation  and  ebullition  of  some  portion 
of  the  subterranean  mineral  matters  (known,  as  far  as  we 
are  acquainted  with  them,  to  contain  water)  which  increased 
temperature  or  diminished  pressure  has  liquefied  and  caused 
to  effervesce.  It  moreover  accoimts  for  the  relative  geogra- 
phical position  of  the  elevated  ranges  and  the  eruptive  ones. 
One  hypothesis  alone  suffices  to  explain  the  whole  series 
of  terrestrial  phenomena — elevations  and  subsidences  in  mass^ 
earthquake-shocks,  and  volcanic  eruptions,  as  well  as  their 
mutual  relations — that  hypothesis  being,  the  shifting  of  the 
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flow  of  heat  (which  we  know  to  be  continually  rising  out 
of  the  interior  of  the  earth)  from  one  subterranean  mass  of 
mineral  matter  to  another.  It  has  been  shown  that  such  a 
shifting  is  not  only  probable^  but  inevitable^  through  the  ever- 
varying  capacities  for  the  conduction  of  heat  of  those  areas 
of  the  globe  which  are  respectively  subaerial  and  subaqueous 
— variations  that  must  necessarily  arise  from  the  varying 
influence  of  the  oceanic^  meteoric^  and  organic  forces. 

This  theory  seems  to  me  to  explain  both  the  plutonic  and 
the  volcanic  phenomena  better  than  anyother^and  the  harmony 
and  general  accordance  of  all  its  parts  is  the  best  test  of  its 
truth. 


APPENDIX. 


CATALOGUE 

AND 

DESCRIPTION  OF  VOLCANOS, 

NOW,  OR  RECENTLY,  IN  ACTIVITY  J  WITH  SOME  ACCOUNT 
OF  EARLIER  VOLCANIC  FORMATIONS. 


PREFATORY  REMARKS. 

In  the  following  list  of  the  known  volcanos  and  volcanic  forma- 
tions^ the  crrangement  pursued  has  been  dictated  rather  by 
reference  to  the  main  lines  of  volcanic  disturbance  and  erup- 
tion on  the  surface  of  the  globe  than  by  purely  geographical 
considerations.  I  have  availed  myself  to  a  certain  extent  of 
the  previous  compilations  of  Von  Buch^  Humboldt,  and  Dau- 
beny,  as  well  as  of  original  sources  of  information ;  and  I  have 
endeavoured  to  condense  the  accounts  of  phenomena  reported 
by  various  observers  at  different  times  and  places,  avoiding  as 
much  as  possible  the  repetition  of  identical  and  unimportant 
facts.  And  I  have  not  thought  it  consistent  with  my  purpose 
to  dwell  upon  the  obscure  and  more  or  less  fabulous  state- 
ments of  such  events  as  have  been  transmitted  firom  distant 
ages  by  the  early  poets  or  historians. 

The  chief  claim  that  I  venture  to  advance  in  favour  of  my 
compilation,  as  compared  with  those  of  the  authors  mentioned 
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above^  rests  upon  the  intelligible  character  of  the  phenomena 
described,  arising  from  the  simplicity  and  general  uniformily 
of  the  laws  of  volcanic  action  to  which,  as  indicated  in  the 
preceding  pages,  I  refer  them;  whereas  the  descriptions  of 
the  same  events  or  appearances  given  in  the  works  referred 
to  are  in  too  many  instances  rendered  vague  and  unintelli- 
gible (to  my  comprehension  at  least)  by  continual  references 
to  the  purely  imaginary  theory  of  upheaval  or  elevation- 
craters.  It  is  impossible  for  a  disciple  to  possess  a  dear  idea 
of  the  proceedings  of  any  one  volcano,  or  of  the  origin  of  any 
volcanic  mountain,  who  is  taught  that  it  is  an  error  to  sup- 
pose such  mountains  to  be  formed  by  accumulation  of  erupted 
matters,  and  that  they  are,  on  the  contrary,  mere  hollow 
blisters  {vesMes)  formed  by  the  inflation,  at  one  stroke  {(Pun 
setU  coup),  of  previously  horizontal  or  nearly  horizontal  beds*. 
The  observer  sees  accumulation  rapidly  going  on  before  his 
eyes,  by  the  ejection  of  fragmentary  matters  and  the  pouring 
forth  of  lava-streams,  one  layer  heaped  up  over  another,  frx>m 
every  active  volcano  he  examines.  This  fact  is  not  denied. 
But  he  is  told  nevertheless  that  volcanic  mountains  are  not 
built  up  in  that  manner,  but  by  some  imaginary,  never- wit- 
nessedt  process  of  sudden  inflation ;  and  no  test  or  criterion 
is  afibrded  him  by  which  to  distinguish  masses  admittedly 
the  product  of  accumulation,  from  those  which  are  declared 
to  have  swelled  up  "  in  a  night,  like  the  gourd  of  the  prophet.*' 
Under  such  guidance,  it  is  impossible  that  he  should  ac- 
quire any  clear  or  definite  idea  of  the  volcanic  phenomena,  or 
of  the  origin  or  disposition  of  any  volcanic  formations;  and 

*  Humboldt,  KosmoSi  iv.  part  1.  (Sabine's  translation)  p.  224;  Von 
Buch,  Canaries;  Elie  de  Beaumont,  Kechercbes  sur  le  Mont  Etna, 
p.  133;  Daubenj,  Volcanos,  ed.  1848,  pp.  634-6;  Dufr&iOY,  Teirains  de 
Naples,  p.  360. 

t  Tbe  only  two  instances  adduced  bj  Humboldt,  in  wbicb  sucb  an  event 
is  supposed  to  have  been  actually  witnessed,  are  tbat  of  Metbone,  reported 
in  Ovid's  Metamorphoses  (t),  and  tbat  of  Jorullo,  now  ascertained,  by 
M.  de  Saussuie's  recent  examination,  to  be  a  case  of  ordinary  eruptive 
accumulation.     (See  pp.  81-S3,  stqtra.) 
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any  description  of  such  phenomena  or  formations  drawn  up 
under  the  influence  of  this  strange  theory  must  be  confusing 
and  perplexing  to  the  student  rather  than  instructive. 

This  has  been  my  chief  motive  for  framing  the  accompany- 
ing Catalogue^  which  at  least  avoids  that  source  of  vagueness 
and  uncertainty  in  the  description  of  phenomena  and  results^ 
which  in  the  works  of  the  authors  referred  to  could  not  but 
arise  from  their  indefinite  and  erroneous  views  as  to  the  cha- 
racter of  volcanic  action. 

In  the  body  of  this  work  it  was  stated  that  a  more  or  less 
distinct  parallelism  or  coincidence  is  traceable  between  the 
leading  mountain-chains  of  the  two  hemispheres^  and  the 
linear  bands  of  volcanic  vents,  active  or  extinct,  insular  or 
continental,  by  which  they  are  traversed. 

In  the  New  World  this  circumstance  is  perhaps  most 
strikingly  apparent,  which  I  shall  proceed  to  show  when 
describinjg  its  volcanic  formations.  The  Old  World  presents 
considerable  irregularity  in  the  direction  of  its  elevated  ranges. 
It  is,  however,  crossed  throughout  its  greatest  breadth  from 
west  to  east  by  one  principal  and  almost  continuous  ridge, 
beginning  in  the  N.W.  angle  of  Spain,  ^^  passing  along  the 
Pyrenees,  the  Cevennes,  the  higher  Alps,  the  Balkan,  the  Cau- 
casus, and  the  moimtains  of  Elburz,  through  the  Hindu  Koh, 
up  to  the  great  system  of  Asiatic  mountains  which  enclose  the 
plateau  of  Thibet  and  form  the  frontier  of  China*.'* 

Of  the  physical  geography  of  Africa  little  is  known  as  yet ; 
but  there  seems  reason  to  believe  that  the  direction  of  its 
principal  ranges  coincides  with  that  of  its  coast-lines,  with  the 
exception  of  one  great  central  equatorial  platform. 

Other  lesser  ranges  branch  off  from  these  main  ones,  at 
various  angles ;  such  is  that  which  runs  nearly  due  north,  fiY>m 
Brittany,  along  the  western  coasts  of  our  own  island,  and  is, 
perhaps,  continued  beyond  the  North  Sea,  in  the  Scandina- 
vian granitic  axis ;  another  is  seen  in  the  more  directly  meri- 

♦  Henchel,  Phys.  Geogn^.  p.  127. 
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dional  chain  of  the  Ural  which  divides  Europe  from  Asia,  and 
runs  nearly  at  right  angles  to  the  central  Asiatic  range. 

Now  it  is  the  fact  that  these  several  mountain-chains  are 
bordered  at  moderate  distances^  on  one  or  both  sides^  by  linear 
bands  of  rocks  of  volcanic  formation^  along  which^  therefore^ 
eruptions  have  at  some  time  or  other  taken  place.  One  of 
these  (containing^  however^  no  present  active  volcano)  tra- 
verses the  north  of  Germany  from  the  west  bank  of  the  Rhine 
to  Saxony  and  into  Hungary^  maintaining  a  general  paral- 
lelism to  the  leading  direction  of  the  Alps  and  Carpathians ; 
while  another  parallel  band  on  the  south  of  that  chain  may 
be  traced  along  the  whole  length  of  the  valley  of  the  Mediter- 
ranean^ from  Portugal^  through  Sicily^  the  Greek  islands  and 
Asia  Minor^  into  Persia  and  Northern  India;  and  from  these 
again  other  volcanic  belts  break  off  at  considerable  angles^ 
parallel  in  turn  to  the  transverse  axial  ranges  already  spoken 
of.  Such  is  that  which  borders  the  Apennines  to  the  west 
from  Sicily  to  their  inosculation  with  the  Alps. 

I  propose  to  begin  the  Catalogue  of  known  volcanos  and 
volcanic  formations  with  this  last  belt^  since  it  contains  those 
which  have  been  most  frequently  and  thoroughly  explored  by 
scientific  observers ;  on  which  account  the  description  of  their 
phenomena  can  be  better  authenticated  and  given  in  greater 
detail  than  in  the  case  of  less  well-known  examples^  and  vdll 
therefore  form  the  fittest  introduction  of  the  subject. 
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VOLCANIC  FORMATIONS  OF  EUROPE. 
SOUTHERN  ITALY.    VESUVIUS. 

Vesuvitis. — ^I  commence  with  this,  the  best-known  and  most 
frequently  visited  and  cited  of  all  active  volcanos — an  advan- 
tage which  it  derives  from  its  immediate  proximity  to  the 
luxurious  city  of  Naples,  whence  its  phenomena  may  be  hourly 
noted. 

Its  elegant  outline,  rising  from  the  sea-shore  in  a  sweeping 
curve,  which  gradually  increases  in  steepness  towards  the 
double  summit,  forms  a  beautifrd  object  in  the  celebrated 
panorama  upon  which  the  city  of  the  Siren  looks.  The  cone  of 
Vesuvius  proper  occupies  precisely  the  centre  of  the  circular 
area  covered  by  the  whole  mountain.  Its  base  is  marked 
towards  the  sea  only  by  a  slight  terrace-like  step,  called  the 
Pedamentina,  corresponding  to  and  exactly  continuing  the 
semicircular  curve  of  the  cliff-range  of  Somma,  which  half 
embraces  the  cone  of  Vesuvius  on  the  landward  side.  From 
that  curved  ridge  the  outer  slopes  of  Somma  descend  with  the 
same  sweeping  incline  on  all  sides  towards  the  low  grounds 
that  lie  between  it  and  the  foot  of  the  Apennine.  Together, 
indeed,  Somma  and  Vesuvius  may  be  said  to  represent  a 
normal  volcanic  mountain,  possessing  all  the  usual  most  cha- 
racteristic features  of  such  formations  : — the  recent  cone  with 
its  central  crater,  from  time  to  time  emptied  by  paroxysmal 
explosions,  and  refilled  by  succeeding  eruptions  of  a  less  violent 
type ;  the  encircling  cliffs  of  a  still  larger  crater,  the  result  of 
some  yet  earlier  and  more  violent  paroxysm ;  lastly,  several 
minor  parasitic  cones  upon  its  lower  flanks,  marking  the  out- 
burst of  scorise  and  lavas  from  as  many  lateral  vents.  (See 
fig.  48,  p.  196,  and  fig.  60,  p.  232.) 

The  first  recorded  eruption  of  this  volcano  is  that  of  the 
year  a.d.  79,  by  which  Herculaneum,  Pompeii,  and  Stabise 
were  buried  under  its  fragmentary  ejecta,  and  the  great  crater 
was  formed,  of  which  a  segment,  called  the  Atrio  del  Cavallo, 
still  separates  the  cone  of  Vesuvius  proper  from  the  cliffs  of 
Somma. 
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Before  this  epocli  it  is  probable  that  Somma  alone  was  in 
existence — a  single  conical  mountain,  of  which  the  volcanic 
character  was  scarcely,  if  at  all,  suspected*.  After  that 
tremendous  paroxysm,  an  interval  of  tranquillity  seems  to  have 
ensued,  lasting  till  the  year  203,  in  the  reign  of  Severus,  when 
a  second  eruption  is  described  by  Dion  Cassius  and  Oalen. 
The  third  took  place  in  472,  and  is  said  by  Procopius  to  have 
covered  all  Europe  with  ashes,  and  to  have  spread  alarm  even 
at  Constantinople.  It  was  doubtless,  therefore,  of  a  paroxysmal 
character.  Other  eruptions  are  recorded  as  having  occurred 
in  the  years  512,  685,  and  993.  The  next,  in  1036,  is  said  to 
have  emitted  a  stream  of  lava,  both  from  the  summit  and 
sides  of  the  cone,  which  reached  the  sea.  In  1138-9  the  vol- 
cano was  again  in  activity ;  but  after  that  date  it  remained  for 
nearly  two  centuries,  viz.  up  to  1306,  in  complete  repose. 

In  1500  it  was  once  more  eruptive,  but  then  became  qui- 
escent again  for  130  years.  The  old  crater  of  Somma  (the 
Atrio)  at  this  time  contained  woods  and  a  few  small  lakes ; 
and  the  cone  of  Vesuvius  proper  was  only  350  feet  high  above 
the  Pedamentina  or  terrace-flat  from  which  it  rises,  and  which 
marks  the  level  of  the  truncation  of  the  south-western  half  of 
the  mountain  by  the  eruption  of  79.  It  also  contained  a  deep 
lake  within  its  crater. 

The  next  recorded  outbreak  was  in  1631 — another  par- 
oxysm, which,  by  discharging  the  lakes  just  mentioned,  let 
loose  torrents  of  water  upon  the  villages  at  the  foot  of  the 
mountain,  no  less  destructive  than  the  lava-streams. 

Further  eruptions  broke  out  in  the  years  1660, 1682, 1694, 
1697,  and  1698,  since  which  last  date  there  has  rarely  been  an 
interval  of  tranquillity  of  more  than  four  or  five  years  to- 
gether. In  1737,  Torre  del  Greco  was  overwhelmed  by  a 
stream  of  lava  of  great  magnitude,  and  met  with  the  same  fate 
in  1760,  when  eruptions  burst  out  at  once  from  fifteen  dif- 
ferent points  of  a  fissure  broken  fix)m  the  summit  to  the  base 

•  Dr.  Daubeny's  second  edition  of  his  '  Description  of  Volcanos  '  con- 
tains an  interesting  account  of  the  early  condition  of  VesuTius,  as  far  as 
can  be  discovered  from  any  notices  of  it  in  the  Roman  or  Greek  writeiB. 
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of  the  mountain^  each  of  these  openings  vomiting  lava  as  well 
as  scoriae  *.  The  frequent  eruptions  from  this  mountain^  and 
its  consequent  changes  of  form  between  this  date  and  a  great 
paroxysmal  eruption  which  took  place  in  1794,  are  recorded 
with  clearness  by  Sir  William  Hamilton,  and  represented  in 
the  illustrations  of  his  admirablework  on  the  ^Campi  Phlegraei/ 
(See  pp.  186-8,  supra,)  After  1813  there  was  almost  continual 
activity  of  a  moderate  and  persistent  character,  until  inter- 
rupted in  1822  by  a  paroxysmal  eruption,  the  principal  fea- 
tures of  which  have  been  described  in  the  body  of  this  work. 
(See  p.  25.)  The  wide  and  deep  crater  hollowed  out  by  that 
eruption  remained  tranquil,  although  emitting  copious  vapours, 
for  four  or  five  years.  In  1827,  eruptions  recommenced  from 
its  bottom,  and  threw  up  there  a  small  cone,  which  gradually 
increased  until  in  1830  it  had  risen  150  feet  above  the  rim  of 
the  crater,  and  in  the  course  of  the  following  year  poured  its 
lava-streams  over  the  lip  down  the  outer  side  of  the  cone. 
Violent  explosive  discharges  took  place  during  the  winter  of 
1831,  which  again  emptied  out  the  crater  almost  to  its  former 
depth.  Then  two  fresh  cones  were  formed  within  this  cavity, 
and  these  increased  unfO  they  had  in  turn,  by  their  mingled 
lavas  and  ejected  scoriae,  once  more  filled  the  crater,  and  per- 
mitted the  outflow  of  lava  over  the  external  slopes,  where  it 
destroyed  the  village  of  Mauro,  near  Ottaiano,  on  the  eastern 
side  of  the  mountain.  In  1839  another  violent  paroxysm 
occurred,  which  again  gutted  the  cone,  after  producing  two 

*  While  these  pages  are  passing  through  the  press,  accounts  are  arriving 
of  a  new  and  most  formidable  eruption  having  commenced  close  behind 
Torre  del  Greco,  and  threatening  to  overwhelm  it  once  more  beneath  a 
lava-current  nearly  a  mile  in  width.  It  has  already  thrown  up  two  or 
three  minor  or  parasitic  cinder-cones.  The  height  of  the  column  of 
vapour,  scoriae,  and  ashes  projected  from  these  new  openings  is  said  to 
have  reached  10,000  feet  Explosions  also  took  place  firom  the  great 
central  cone,  as  soon  as  those  of  the  new  vents  ceased ;  and  it  is  said  that 
the  shore  along  this  part  of  the  base  of  the  mountain  has  been  perma^ 
nently  elevated  by  some  feet.  The  old  lava-beds  beneath  and  behind 
Torre  del  Greco  were  split  up  by  radial  fissures.  In  all  these  respects  the 
phenomena  seem  to  have  been  identical  with  those  of  previous  eruptions 
from  the  same,  or  nearly  the  same  spot,  especially  that  of  1794. 
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currents  of  lava^  one  flowing  to  the  east^  the  other  to  the  west. 
In  1841  new  cones  were  thrown  up  at  the  bottom  of  the  new 
crater  (see  fig.  42,  p.  188)^  which^  by  the  continuance  of  minor 
eruptions^  was  at  length  filled  entirely^  but  was  emptied  anew 
in  1850  by  violent  explosions.  Since  that  date  two  new 
cones  have  been  formed  in  it,  which  have  increased  until  they 
have  raised  the  simimit  into  a  high  and  broken  platform 
similar  to  that  of  1821-2.  During  the  last  five  or  six  yeazs 
the  volcano  has  been  in  firequent  eruption,  the  lava-streams 
generally  bursting  out  at  some  point  on  the  outer  side  of  the 
cone,  and  often  flowing  into  the  Atrio,  which  is  being  fSast 
filled  up  by  their  accumulation  and  the  scorise  which  fall  or 
roll  down  the  slopes  of  the  cone  into  it. 

The  recent  lavas  of  Vesuvius  are  leucitic  basalt ;  the  cry- 
stals of  leucite,  when  visible,  being,  as  usual,  dodecahedral, 
and  sometimes  as  large  as  peas  or  nuts,  but  generally  much 
smaller,  and  sometimes  imdistinguishable  from  the  base,  which 
is  a  confused  mixture  of  granular  leudte,  magnetic  iron,  and 
augitic  matter.  Its  scoriae  and  scoriform  portions  have  usu- 
ally an  external  semivitreous  film,  indicating  the  nearly  com- 
plete fusion  of  their  surfaces.  Th^  earlier  lava-currents  of 
the  volcano,  of  which  sections  are  seen  in  the  half-encircling 
crater-clifis  of  Somma,  rising  above  the  Atrio,  are  also  leucitic, 
as  well  as  the  numerous  dykes  which  intersect  them.  These 
leucitic  lava-beds,  as  is  generally  the  case  with  the  strata 
composing  a  volcanic  cone,  dip  everywhere  away  firom  the 
rim  of  the  semi-crater  at  an  angle  of  about  25^,  and  are 
interbedded  with  scoriae  and  ash  of  the  same  mineral  cha- 
racter. But  the  external  flanks  of  the  moimtain,  up  to  nearly 
two-thirds  of  its  height,  are  in  great  part  formed  of  whitish  or 
yellowish  trachytic  tufi^,  composed  of  pumice  and  lapillo,  of 
the  same  character  as  that  which  forms  the  substance  of  the 
other  volcanic  hills  east  of  Naples.  And  since  the  mass  of 
fragmentary  matter  which  overwhelmed  the  buried  cities  at 
the  foot  of  Vesuvius  in  the  year  79  is  also  pumiceous,  there  is 
every  reason  to  believe  that  the  earliest  products  of  the  vol- 
cano-—which  that  paroxysmal  eruption  broke  up  and  ejected 
in  such  abundance — were  trachytic,  and  probably  coeval  with 
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those  of  the  neighbouring  volcanic  vents^  to  be  presently  de- 
scribed. Large  accumulations  of  this  pumiceous  tuff  occur 
in  places  high  up  the  outer  slopes  of  the  mountain^  overlying 
the  leucitic  strata.  They  were  most  likely  thrown  up  there  by 
the  explosions  of  79.  A  signal  example  of  the  confused  notions 
respecting  volcanic  formations  in  general^  which  the  unhappy 
'  Elevation-Crater  theory '  could  not  fail  to  disseminate,  is 
shown  in  the  views  of  M.  Dufr^noy  on  the  origin  of  Somma — 
the  whole  of  which  mountain,  he  maintains^  must  have  been 
upheaved  from  below  the  sea,  because  of  the  occurrence  of 
this  pumice-tuff  on  its  surface  nearly  up  to  the  summit !  The 
simple  explanation,  that  these  mantling  tuffs  are  merely  the 
fragmentary  ejections  of  the  great  paroxysmal  eruption  which 
formed  the  crater  of  the  Atrio,  throwing  out  the  very  bowels 
of  the  early  trachytic  volcano,  is  repudiated,  and  the  sudden 
blister-like  elevation  of  the  whole  mountain  from  the  bottom 
of  the  sea — ^^une  veritable  ampoule^* — taus^ht  as  the  only  true 
doctrine! 

In  this  loose  pumiceous  tuff  of  Somma  occur  many  frag- 
ments of  non-volcanic  rocks,  especially  of  limestone,  rendered 
more  or  less  crystalline  and  otherwise  altered  by  the  heat  and 
other  influences  to  which  they  were  long  exposed,  when  form- 
ing probably  the  sides  of  the  eruptive  fissure  at  a  great  depth 
below  the  mountain.  In  the  cavities  of  such  metamorphosed 
masses  are  found  those  many  rare  minerals — some  scarcely 
occurring  anywhere  else — of  which  Dr.  Daubeny  has  given  a 
reduced  list,  still  containing  not  less  than  forty  distinct  mine- 
rals— all,  I  believe,  in  crystalline  forms. 

Volcanic  district  adjoining  Vemvitis. — Although  Vesuvius 
is  the  only  volcano  of  Italy  at  present  in  ftdl  activity,  there 
are  many  other  points  on  the  western  side  of  the  Apennines 
at  which  eruptions  have  occurred  within  a  very  recent  geo- 
logical period.  In  the  immediate  vicinity,  to  the  north-west 
of  Naples,  lies  the  district  called  by  the  Romans  the  Phle- 
graean  fields,  from  the  abundant  traces  of  volcanic  action  over 
all  its  surface.  Within  an  area  of  about  twelve  miles  by  ten, 
there  is  to  be  seen  a  series  of  hills  composed  of  pumice-tuff, 
which  in  their  curving  and,  often,  r^ularly  circular  forms 
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exhibit  the  traces  of  from  twenty  to  thirty  distinct  cones  and 
craters  :  Naples  itself  lies  within  one  of  these.    (See  fig.  60, 
p.  232.)     Behind  it,  upon  the  highest  point  of  the  group,  the 
monastery  of  the  Camaldoli,  1643  feet  above  the  sea,  overlooks 
a  wide  crater-shaped  basin  named  Pianura,  at  the  bottom  of 
which  are  quarries  of  a  remarkable  mottled  and  highly  porous 
cellular  greystone,  called  Pipemo,  generally  employed  in  Na- 
ples for  building.     It  is  remarkable  for  being  interspersed 
with  lentictdar  concretions  of  a  darker  colour  than  the  base, 
less  porous  but  more  cellular,  and  far  more  augitic :   these 
portions  have  evidently  separated  by  segregation  in  the  same 
manner  as  flints  in  chalk ;   they  are  elongated  and  flattened 
out  in  the  direction  of  the  flow  of  the  current.     Continuous 
with  this  eminence  is  the  promontory  of  Posilipo,  a  ridgy  hill 
of  erupted  tufi^,  the  product  probably  of  explosions  fiY>m  several 
orifices.     And  at  its  S.W.  extremity  lies  the  little  island  of 
Nisida,  which  is  a  very  regular  cone  with  a  deep  circular 
crater,  opened  by  a  breach  towards  the  sea.    Here,  as  in  many 
other  of  the  like  hills  around,  the  sea- worn  clifis  show  the  in- 
ternal structure  of  the  cone  to  be  a  pumice-tuff',  indurated  by 
violent  mixture  with  sea- water  at  the  time  of  its  eruption,  and 
covered  with  loose  arenaceous  beds  of  the  same  fragmentary 
matter,  which,  no  doubt,  fell  in  a  drier  state  froxa  the  air, 
after  the  mouth  of  the  vent  had  been  raised  some  height  above 
the  reach  of  the  waves.     The  beds  of  both  characters  are 
arranged  mantlewise,  with  that  double  quaquaversal  external 
and  internal  dip,  which  has  been  shown  to  be  the  normal 
structure  of  a  volcanic  cone  the  product  of  a  single  eruption. 
North  of  Nisida,  proceeding  westwards  along  the  coast,  is 
the  hill  immediately  overhanging  Pozzuoli  to  the  north,  which 
contains  the  remarkable  crater  called  the  Solfatara,  still  show- 
ing unmistakeable  signs  of  the  intense  temperature  of  the  mass 
of  subterranean  lava  with  which  it  is  in  communication,  pro- 
bably through  some  fissure,  in  the  exhalations  of  hot  sulphu- 
reous vapours  (sulphuretted  hydrogen)  which  continually  rise 
from  orifices  in  the  small  plain  that  forms  its  bottom,  and  in 
the  cliffs  of  trachytic  lava-rock  that  surroimd  it.    This  rock  is 
decomposed  and  whitened  by  the  vapours,  whence  the  name 
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of '  Leucogsei  Cdiles '  given  to  the  hill  firom  a  very  early  date. 
Among  the  products  of  this  decomposition  are  sulphur^  the 
sulphates  of  irou^  lime^  soda^  magnesia^  and  above  all^  alumina^ 
muriate  of  ammonia,  and  sometimes  sulphuret  of  arsenic.  The 
decomposed  matter  carried  down  by  the  rains  as  a  white  mud 
and  spread  over  the  floor  of  the  crater-plain  hardens  into  beds 
resembling  pipe-day,  which,  probably  through  the  vaporization 
of  the  water  contained  in  it  by  the  heat  rising  &om  below, 
is  filled  with  small  hollow  vesicles ;  and  consequently  when 
stamped  upon  this  floor  returns  a  hollow  sound  {rimbombo) — 
a  circumstance  which  has  led  some  writers  to  believe  it  a  mere 
vault  over  a  vast  abyss.  This  notion  was  many  years  since 
contested  by  me  in  a  paper  upon  the  Phlegrsean  fields  (Trans- 
actions of  the  Geological  Society,  2nd  ser.  vol.  v.) ;  and  though 
I  have  failed  to  convince  Dr.  Daubeny  and  Professor  Forbes, 
I  still  retain  the  opinion  that  my  explanation  of  the  cause 
of  the  hollow  sound  is  correct.  All  porous  ground  returns 
such  a  reverberation ;  and  the  stratified  tufi^  at  the  bottom  of 
the  Solfatara,  being  extremely  cellular  throughout,  possesses 
just  the  structure  fitted  to  send  back  these  multiplied  echoes 
with  the  greatest  efifect.  An  eruption  broke  out  from  the 
Solfatara  in  the  year  1198.  It  was,  however,  probably  by  an 
earlier  one  that  the  bulky  bed  of  trachytic  lava  was  erupted 
which  clothes  the  entire  outer  slope  of  the  cone  on  the  south- 
east side,  firom  the  upper  rim  of  the  crater  down  to  the  sea, 
into  which  it  projects  as  a  rocky  promontory,  called  Olibano, 
much  quarried  for  building-stone.  It  may  be  seen  to  rest  con- 
formably on  the  sloping  beds  of  tuff  which  compose  the  sub- 
stance of  the  hill,  and  therefore  certainly  flowed  down  the 
exterior  of  the  cone,  but  spread  to  no  distance,  adhering  like  a 
bulky  buttress^  at  least  50  feet  thick,  to  the  side  of  the  hill. 
The  mineral  character  of  this  very  recent  lava  is  remarkable, 
and  accounts  for  its  extremely  imperfect  fluidity.  It  is  a  highly 
crystalline  or  granitoidal  ash-grey  trachyte,  or  rather  grey- 
stone,  made  up  of  large  crystals  of  glassy  febpar,  imbedded  in 
a  felspathic  and  granular  base,  with  a  small  quantity  of  augite. 
It  is  cellular  towards  the  surface,  but  in  general  compact 
and  very  hard.    It  is  identical  with  much  of  the  greystone  or 
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trachyte  of  Ischia  and  the  Ponza  Isles^  to  be  described  pre- 
sently. The  upper  part  overhangs  the  crater  of  the  Solfatara 
(which  could  not  therefore  have  existed  in  its  present  form  at 
the  time  this  lava  was  emitted^  or  it  would  have  been  filled 
up  by  it)^  and  was  probably  hollowed  out^  after  the  flow  of  this 
lava  had  ceased^  by  the  subsequent  aeriform  explosions  of 
the  same  or  a  still  later  eruption.  The  lava-bed  is  covered  by 
layers  of  loose  scoriaceous  conglomerate^  then^  no  doubt^  thrown 
out  of  this  crater.  Another  massive  current  of  very  similar 
character  flowed^  perhaps  at  the  same  time^  possibly  at  an  earlier 
date^  from  the  same  vent  towards  the  north-east^  descending 
almost  as  low  as  the  town  of  Puzzuoli.  Sir  W.  Hamilton  gives 
a  very  faithful  view  of  this  last  current  in  his  great  work. 

Immediately  behind  and  attached  to  the  hill  of  the  Solfatara 
is  that  which  includes  the  royal  preserve  of  Astroni — a  very 
perfect  circular  crater^  the  inner  walls  of  which  are  so  preci- 
pitous as  to  form  a  natural  barrier  for  the  confinement  of  the 
wild  animals  (boars^  &c.)9  which  are  very  numerous  in  it ;  the 
only  entrance  being  by  an  artificial  cut  through  the  ridge. 
Here  too  the  component  beds  of  the  hill  may  be  observed  to 
have  the  quaquaversal  mantling  dip  characteristic  of  a  cone  of 
eruption.  From  the  plain  at  the  bottom  of  the  crater  rise  one 
or  two  small  hills  composed  of  a  trachytic  rock — ^no  doubt  a 
lava  protruded  in  a  semi-solid  state  at  the  close  of  the  eruption 
which  formed  the  crater.  This  central  boss  of  trachyte  is  fre- 
quently quoted  by  the  advocates  of  the  Elevation-crater  theory 
(Astroni  being  one  of  their  favourite  types  of  such  a  crater)  as 
having  evidently  upheaved  at  the  time  of  its  production  the 
sloping  beds  of  tuff  all  round.  But,  in  truth,  there  is  no  evi- 
dence of  the  kind  beyond  the  existence  of  this  mass  of  lava- 
rock  in  the  bottom  of  the  crater,  than  which  nothing  can  be 
more  in  accordance  with  the  ordinary  laws  of  volcanic  action. 
(See  p.  134,  supra.)  The  inclination  of  the  beds  forming  the 
cone  in  all  directions  is  just  the  same  as  in  the  neighbouring 
tuff-cones,  viz.  firpm  15^  to  35°,  but  with  the  same  irr^ularity 
in  the  character  of  the  layers  as  results  in  all  such  cases  firom 
accidents  of  form,  size,  disposition,  &c.,  necessarily  affecting 
such  firagmentary  ejections. 
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Adjoining  the  cone  of  Astroni  is  that  of  Monte  Barbaro 
(the  'Oaurus  inanis'  of  Horace)  ^  having  a  well-defined  cup- 
shaped  crater^  surrounded  by  steep  banks  of  tuff. 

Next  to  this^  and  on  the  bank  of  the  Lake  of  Avemus^  rises 
the  Monte  Nuovo^  a  tuff-cone  480  feet  high^  with  a  crater 
870  feet  deep.  This  entire  hill  was  thrown  up  in  the  course 
of  two  days^  in  September  1588^  by  aeriform  explosions  firom 
the  valley  or  low  plain  at  the  foot  of  Monte  Barbaro^  separating 
the  Lake  of  Avemus  from  the  sea-shore^  and  scarcely  above  the 
level  of  the  sea.  Several  contemporary  narratives  are  extant 
of  the  visible  phenomena  of  this  eruption.  All  unite  in  de- 
claring the  spot  to  have  been  low  and  level — ^the  bottom  of  a 
valley^  whence  violent  explosions  took  place,  throwing  up  stones 
and  ashes  in  such  prodigious  abundance  as  to  have  formed  the 
mountainous  hill  we  now  see  there  in  the  course  of  forty-eight 
hours.  But  because  one  of  these  writers,  Francisco  del  Nero, 
speaks  of  the  earth  "  swelling  up  '^  till  it  formed  a  hill,  the 
Elevation-crater  theorists  have  seized  on  it  as  a  dear  case  of 
upheaval, — although  the  same  writer  in  the  same  sentence 
says, ''  It  threw  up  for  a  long  time  earth  and  stones,  which  fell 
back  all  around  the  gulf  till  they  formed  a  hiU  of  vast  size,  and 
even  covered  the  ground  and  trees  for  seventy  miles  round 
with  ashes.''  It  was  evidently  then  an  eruption  of  fragmentary 
matters  that  produced  the  cone ;  and  the  expression  previously 
used  by  the  writer,  of  ''the  earth  swelling  up  into  a  hiU,''  is 
quite  consistent  with  this,  and  only  meant  that  a  hill  of  earth 
had  accumulated  there  at  the  time  he  mentions,  viz.  noon  on 
the  first  day  of  the  eruption.  But  a  still  better  narrative  of 
the  event  is  to  be  found  in  a  volume  (now  in  the  British 
Museum,  the  gift  of  Sir  W.  Hamilton)  printed  at  Naples  in 
the  very  year  of  the  eruption.  In  this  publication,  Signor 
Marco  Antonio  Falconi,  an  eye-witness  of  it,  thus  describes 
its  phenomena : — ''  Stones  and  ashes  were  thrown  up,  with  a 
noise  like  the  discharge  of  great  artillery,  in  quantities  which 
seemed  as  if  they  would  cover  the  whole  earth ;  and  in  four 
days  their  fall  had  formed  a  mountain  in  the  valley  between 
Monte  Barbaro  and  the  Lake  Avemo,  of  not  less  than  three 
miles  in  circumference,  and  almost  as  high  as  Monte  Barbaro 
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itselfj — a  thing  incredible  to  those  who  have  not  seen  it,  that 
in  so  short  a  time  so  considerable  a  mountain  shotild  have 
been  formed/'  Another  account  in  the  same  volume,  by 
Pietro  Jacobeo  di  Toledo,  describing  the  same  fiact,  adds, — 
''Some  of  the  stones  were  larger  than  an  ox.  They  were 
thrown  up,  the  larger  ones,  about  a  cross-bow's  shot  in  height 
from  the  opening,  and  then  fell  down,  some  on  the  edge  of  the 
mouth,  some  back  into  it.  The  mud  ejected  (ashes  mixed  with 
water)  was  at  first  very  liquid^  then  less  so,  and  in  such  quan- 
tities that,  with  the  help  of  the  aforementioned  stones^  a 
mountain  was  raised  a  thousand  paces  in  height  on  the  third 
day.  I  went  to  the  top  of  it  and  looked  down  into  its  mouth, 
in  the  middle  of  the  bottom  of  which  stones  that  had  fallen 
there  were  boiling  up  just  as  in  a  great  caldron  of  water  that 
boils  on  the  fire/' 

The  composition  and  structure  of  the  hill  correspond  with 
the  origin  here  attributed  to  it ;  the  nucleus  being,  as  in  the 
case  of  all  the  other  volcanic  hills  around  it  (the  date  of  whose 
production  is  not  known),  of  more  or  less  compacted  tuff, 
composed,  no  doubt,  of  the  hardened  mud  whose  eruption 
was  witnessed  by  the  writer  just  quoted,  with  overmantling 
layers  of  loose  pumice  and  scoriae  (t.  e.  arenaceous  tuff)  rest- 
ing upon  it.  The  solid  nucleus,  in  M.  Dufr^noy's  opinion, 
was  upheaved  bodily,  not  in  a  semiliquid,  but  in  a  solid  form ; 
and  when  the  objection  was  made  to  him  that  the  wall  and 
columns  of  the  Roman  Temple  of  Apollo,  standing  dose  to  its 
base,  remained  perfectly  vertical,  and  its  cornices  perfectly 
horizontal,  he  solved  the  difficulty  by  the  wild  supposition  that 
the  entire  nucleus  of  the  hill  (probably  three-fourths  of  its 
bulk)  existed  before  the  eruption  of  1538,  and  was  only 
sprinkled  over  by  the  upper  loose  pumice-beds  on  that  occa- 
sion— notwithstanding  the  unanimous  testimony  of  all  con- 
temporary observers  to  its  having  been  wholly  formed  on  what 
was  previously  a  low  flat  (in  fact,  the  sea-shore),  by  eruptions 
of  stones,  scoriae,  ashes,  and  mud,  in  the  last  three  days  of 
September  of  that  year. 

That  some  slight  elevation  of  the  general  level  of  the  shore 
of  the  Bay  of  Puzzuoli  accompanied  the  formation  of  Monte 
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Nnovo  is  probable — indeed  is  both  mentioned  by  the  writers 
iJieady  quoted,  and  visible  in  a  raised  beach,  caUed  '  lia 
Stana,'  at  the  base  of  the  ohl  cliff  that  borders  the  sea  &om 
the  new  cone  to  the  town  of  Pnzzuoli  (see  woodcut  below). 
Some  further  oscillatory  movements  of  the  same  shore,  both  up 
aud  down,  are  shown  to  have  subsequently  occurred,  by  certain 
fiicts  respecting  the  columnB  and  pavement  of  the  Temple  of 
Jupiter  Serapis,  for  the  details  of  which  I  may  refer  to  Sir  C. 
Lyell's  'Principles';  only  remarking  that  such  a  general 
elevation  or  depression  of  some  miles  of  coast  (a  not  uncom- 
mon circumstance  in  a  volcanic  district)  in  no  d^ree  supports 
the  idea  of  the  sudden  upheaval  of  a  steep  and  lofty  volcanic 
cone  with  a  central  crater. 


tIoiit«  Hnoro,  w  aeen  from  Ptunioli. 

The  Bcorite  of  Monte  Nuovo  are  vitreous,  but  darker  and 
heavier  than  the  usual  type  of  pumice.  The  ejected  fragments 
of  lava  approach  to  clinkstone,  being  lamiaated,  and  sometimes 
veined  with  pitchstone.  The  eruption  produced  no  current 
of  lava. 

At  the  foot  of  the  Monte  Nuovo  and  Monte  Barbaro  are 
the  nearly  circular  basins  of  the  Lakes  Avemo  and  Agnano, 
both  surrounded  by  toff-hills  of  moderate  elevation,  whose 
strata,  as  usnal,  slope  away  &om  the  hollows,  each  of  which 
was,  no  doubt,  a  crater  of  considerable  dimensions.  From 
several  fissnrea  at  the  foot  of  these  bills  there  issue  exceed- 
ingly hot  solphureoas  vapours ;  and  from  one  (the  Grotta  del 
Cane)  volumes  of  carbonic  acid  gas.  These  mephitic  exhala- 
tions accoont  for  the  noxioos  properties  attributed  of  old  to 


326  VOLCANIC  F0BMATI0N8  OF  EUBOPS. 

the  air  above  the  Avemean  lake.  The  ridgy  taff-hillB  are  ocm- 
tinued  to  the  south-west^  behind  Bai»,  as  £Eur  as  the  promon- 
tory of  Misenum — a  tuff-cone  with  distinct  traces  of  a  small 
crater,  and  the  characteristic  double  (internal  and  external) 
dip  of  the  layers  that  compose  it  (see  fig.  6,  p.  61).  The 
Monte  di  Procida  and  the  hill  of  Cumse  form  portions  of  other 
eruption-cones  which  have  been  largely  worn  away  by  the 
sea.  The  former  hill  rests  on  a  very  black  slaggy  and  aco- 
riaceous  trachyte,  seen  in  the  sea-diff,  and  doubtless  marking 
one  of  the  eruptive  orifices,  the  waves  having  destroyed  the 
remainder  of  the  cone.  The  island  of  Procida,  now  separated 
£rom  this  hill  by  about  two  miles  of  sea,  may  possibly  have 
been  once  united  to  it.  It  is  of  precisely  the  same  composition 
— tuff,  interbedded  with  some  very  scoriaceous  trachytic  lavaa ; 
and  some  of  its  curving  bays  indicate  more  than  one  crateri- 
form  hollow,  now  so  far  cut  up  by  the  erosion  of  the  sea  as 
to  be  with  difficulty  traceable. 

Ischia. — A  short  way  off,  in  the  same  south-west  direction, 
the  much  larger  island  of  Ischia  rises  in  all  the  dignity  of  a 
true  volcanic  moimtain.  The  summit-heights  of  the  island, 
called  Monte  Epomeo,  attain  2600  feet  above  the  sea.  They 
are  peaked  and  precipitous,  chiefly  composed,  as  is  the  greater 
part  of  the  island,  of  a  trachytic  tuff,  of  a  greenish  tint,  firom 
containing  much  augitic  matter,  and  in  parts  apparently  con- 
solidated by  heat,  and  passing  into  earthy  trachyte.  On 
several  points  of  the  lower  flanks  of  the  mountain  eruptions 
have  taken  place  in  recent  times.  Indeed  its  early  history 
shows  that  the  inhabitants  were  more  than  once  destroyed  or 
driven  away  by  the  violence  of  the  earthquakes  and  eruptions 
to  which  it  was  then  subject.  Ten  or  twelve  minor  cones  are 
the  product  of  these  later  eruptions ;  one  of  them,  the  Monte 
Rotaro,  was  thrown  up  in  the  year  1302,  and  gave  issue  to  a 
bulky  stream  of  highly  porphyritic  trachyte,  which  flowed  into 
the  sea.  The  other  recent  lava-rocks  of  Ischia  are  of  very 
felspathic  greystone ;  in  some  instances  remarkably  ribboned 
and  laminated,  and  sometimes  having  the  scaly  texture  of 
clinkstone.  Some,  as  in  Monte  Yico,  near  Foria,  are  entirely 
composed  of  compacted  crystals  of  glassy  felspar.    Some  parts 
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of  these  currents  are  brecciated;  different  varieties  of  rock 
having  seemingly  been  broken  up^  and  reunited  by  fresh  lava 
as  the  stream  flowed  on. 

Several  hot  sulphureous  springs  break  out  in  the  island^ 
justifying  the  belief  that  its  internal  activity  is  not  yet  quite 
over.  In  truth,  however,  all  the  eruptive  vents  of  this  vol- 
canic district  may  be  considered  to  belong  to  the  same  sub- 
terranean focus,  and,  to  some  extent,  to  relieve  one  another. 
The  Ischian  eruption  of  1302  occurred  at  a  time  when  Vesu- 
vius had  been  inactive  for  nearly  two  centuries ;  and,  on  the 
other  hand,  since  the  latter  mountain  has  been  frequently  in 
eruption,  Ischia  and  the  Phlegrsean  fields  have  remained  dor- 
mant, with  the  single  exception  of  the  eruption  of  Monte 
Nuovo  in  1538,  which  also  took  place  during  a  quiescent  in- 
terval of  Vesuvius  that  lasted  a  century  and  a  half. 

The  earlier  trachytic  rocks  of  Ischia  rest  upon  strata  of  clay 
and  marl  containing  many  shells  still  existing  in  the  Medi- 
terranean— probably,  therefore,  of  post-pliocene  date.  From 
this  it  is  evident  that  the  moimtain  has  sustained  a  great 
amount  of  elevation  in  mass  since  the  deposition  of  these 
beds.  They  are  said  to  be  found  even  at  heights  of  2000  feet 
above  the  sea.  Indeed  the  entire  eastern  coast  of  this  portion 
of  Italy  shows  similar  signs  of  having  gained  considerably  in 
elevation  since  the  commencement  of  its  volcanic  activity. 
The  whole  of  the  fertile  plain  of  the  Campagna  Felice,  and  the 
bottoms  of  the  valleys  running  up  to  the  eastern  foot  of  the 
Apennines,  consist  of  stratified  pumice-tuff,  evidently  formed  of 
the  fragmentary  ejecta  of  the  volcanic  vents  of  the  Phlegraean 
fields,  strewn  over  the  shore  of  the  sea  at  a  time  when  it 
covered  all  this  district,  and  now  raised  some  hundred  feet 
above  its  sur&ce.  Natural  sections  of  this  formation  may  be 
seen  in  the  difEs  of  Sorrento,  more  than  200  feet  high,  and 
on  many  other  spots  along  the  coast. 

Eastward  of  Ischia  several  other  small  volcanic  islands  rise 
frt>m  the  Mediterranean.  The  two  nearest,  Venioiiene  and 
San  Stefano,  are  evidently  the  remnants  only  of  a  much  lai^er 
island,  preserved  from  the  wearing  action  of  the  sea-waves, 
which  has  destroyed  the  greater  part,  through  the  resistance 
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offered  in  both  by  massive  beds  of  greystone  which  form  flie 
Bubstratum  of  the  islands.  This  rock  rises  at  the  eastern  ex- 
tremity of  Ventotiene  into  a  beetling  cliff  above  500  feet 
high^  and  is  covered  throughout  the  length  of  the  island  by 
a  stratified  conglomerate  of  ash  pnd  fragmentary  lava„  ave- 
raging 100  feet  thick.  The  surface  is  encrusted  with  a  con- 
cretionary calcareous  sandstone^ — the  lime  having  evidently 
been  derived  from  the  decay  of  innumerable  land-shells^  and 
conveyed  by  rain-water  into  the  arenaceous  beds  below.  This 
last  is  a  similar  formation  to  that  which  Mr.  Darwin  describes 
as  common  in  nearly  all  the  volcanic  islands  of  the  tropical 
seas.  It  is  almost  equally  so  in  those  of  the  Mediterranean. 
(See  the  outline  of  Ventotiene,  fig.  55,  p.  209.) 

At  about  the  distance  of  twenty  miles  still  frirther  eastward 
rises  the  remarkable  group  of  the  Ponza  Isles,  These  also  have 
suffered  an  enormous  amount  of  degradation  since  their  forma- 
tion. The  highest  rock  of  the  principal  island,  Ponza,  is  a 
mass  of  greystone  lava,  extremely  crystalline  and  porphyritic, 
and  similar  in  every  respect  to  that  of  Ventotiene,  as  well  as 
to  that  of  Olibano,  near  Puzzuoli.  It  forms  a  bed  perhaps  200 
feet  thick,  overlying  unconformably  at  the  southern  extremity 
an  earlier  volcanic  formation  which  composes  the  bulk  of  this 
island,  and  of  the  two  adjoining  ones,  Palmarola  and  Zannone. 
All  these  islands  may  be  considered  as  forming  parts  of  one 
ancient  submarine  volcano.  The  rocks  of  this  earlier  system 
appear  like  so  many  more  or  less  vertical  and  exil^ely 
irregular  dykes  of  trachyte  thrust  up  through  masses  of  a  very 
vitreous  pumice-agglomerate.  The  principal  rock  is  a  whitish- 
yellow,  sometimes  pink  and  brown  trachyte,  very  similar  to 
domite,  but  generally  harder,  and  divided  into  small  irregular 
prisms  from  an  inch  to  a  foot  in  diameter.  It  contains  glassy 
felspar-crystals,  mica-plates,  and  titaniferous  iron,  and  is  re- 
markable for  a  very  generally  streaked  or  ribboned  texture 
which  penetrates  the  entire  mass.  The  different  layers  seem 
to  owe  their  several  tints  to  a  greater  or  less  proportion  of  the 
colouring  minerals,  the  whiter  being  wholly  felspathic  or  sili- 
ceous, the  darker  stripes  containing  more  of  augite  or  mica. 
Many  parts  of  this  rock,  indeed,  are  so  highly  siliceous  as  to 
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have  the  conchoidal  fracture^  with  sharp  cutting  edges^  of  fliut. 
In  this  state  their  general  white  colour  is  stained  with  brilliant 
tints  of  scarlet,  orange,  blue,  and  brown.  Others  are  carious, 
resembling  buhr-stone  (or  the  siliceous  millstone-trachyte  of 
Hungary),  and  penetrated  by  veins  of  quartz,  the  cavities  being 
lined  with  quartz-crystals,  sometimes  amethystine.  The  white 
vitreous  pumice-conglomerate  through  which  this  prismatic 
trachyte  has  been  protruded  is  tmifomUy  altered  along  the 
planes  of  contact  to  the  depth  of  several  yards.  The  nearest 
portion  is  completely  vitrified,  and  changed  into  a  compact 
green  obsidian  containing  many  white  felspar-crystals.  The 
unaltered  white  conglomerate-rock  graduates  into  this  through 
a  yellowish  waxy-looking  pitchstone,  enveloping  nodules  of  the 
green  and  more  glassy  variety.  The  green  obsidian  has  some- 
times a  large  globular  concretionary  and  lamellar  structure ; 
sometimes  it  passes  into  pearlstone  by  the  formation  of  minute 
spherulites  throughout  its  substance.  And  on  some  points 
there  is  a  dear  passage  from  this  pearlstone  into  the  ribboned 
prismatic  trachyte;  the  spherulites  being  draped  out — evi- 
dently by  the  motion  of  the  matter  when  in  a  softened  state — 
into  planes,  whose  varying  mineral  character  gives  a  huninated 
structure  and  ribboned  aspect  to  the  rock.  These  laminae  are 
generally  bent,  folded,  and  crumpled  up  in  a  remarkable 
manner,  so  as  to  resemble  the  structure  of  the  most  highly 
corrugated  slate-rocks  and  the  contortions  of  gneiss  and  mica- 
schist.    (See  p.  139,  supra,) 

Zannone,  the  last  island  of  the  Ponza  group  towards  the  coast 
of  Italy,  is  entirely  composed  of  highly  siliceous  trachyte,  with 
the  exception  of  its  eastern  extremity,  which  is  a  hard  stratified 
limestone  resembling  that  of  the  promontory  of  Circello  just 
opposite  (Jurassic),  and  becoming  crystalline  and  dolomitic  in 
the  vicinity  of  the  trachyte.  The  latter  appears  to  have  burst 
up  through  the  limestone  which  it  thus  metamorphosed.  (See, 
for  further  details,  my  paper  on  the  Ponza  Isles,  Trans.  Geol. 
Soc.  ser.  2.  vol.  ii.  1827.) 

Mount  Vuliur. — On  the  eastern  slope  of  the  Apennine  ridge, 
about  midway  between  the  two  seas,  and  nearly  due  east  of 
Naples,  rises  this  insulated  volcanic  mountain,  of  an  imposing 


330  VOLCANIC  FORMATIONS  OP  EUBOPE. 

and  regularly  conical  figure^  reaching  a  height  of  4156  feet 
above  the  sea^  and  measuring  above  twenty  miles  round  its 
base.  It  is^  in  fact^  a  larger  and  loftier  mountain  than 
Vesuvius  itself.  It  has  been  visited  and  described  by  Broochi, 
Abich^  and  Dr.  Daubeny.  On  its  northern  flank  it  displays  a 
wide  circular  crater^  surrounded  by  an  amphitheatre  of  rocky 
hills,  the  highest  point  of  which  reaches  1000  feet  above  the 
two  small  lakes  which  occupy  the  bottom  of  the  hollow.  There 
are  emanations  of  carbonic  acid  gas  upon  their  borders.  The 
mass  of  the  moimtain  seems  to  consist  of  pumice-tuff  of  various 
degrees  of  compactness,  enveloping  beds  of  a  lava-rock  com- 
posed of  crystals  and  granules  of  leucite  and  augite,  with 
(according  to  Brocchi)  pseudo-nepheline  and  melilite^  and  a 
still  rarer  mineral,  haiiyne,  in  dear  blue  or  green  crystals.  No 
record  exists  of  any  eruption  from  Mount  Vultur ;  nor  is  there 
any  appearance  on  the  spot  of  such  an  event  having  occurred 
within  recent  times.  Dr.  Daubeny  justly  remarks  that  it 
rises  on  the  prolongation  of  a  line  drawn  through  Ischia  and 
Vesuvius.  And  since  at  an  intermediate  point  on  the  same 
line  the  Pool  of  Amsanctus  is  foimd,  celebrated  of  old  fer 
its  mephitic  exhalations  of  carbonic  add  and  sulphuretted 
hydrogen  gases,  it  is  probable  that  some  deep-seated  fissure 
transverse  to  the  general  direction  of  the  Apennine  axis  exists, 
or  once  existed,  along  this  line  through  the  rocky  substratum 
of  the  Peninsula.  The  eruptions  of  Moimt  Vultur  were  pro- 
bably all  subaerial. 

Rocca  Monfina. — ^To  return  to  the  western  slope  of  the 
Apennines.  Near  the  town  of  Sessa,  on  the  road  betweoi 
Naples  and  Rome,  we  find  another  insulated  volcanic  moun- 
tain, likewise  extinct.  There  are,  at  least,  no  well-authenti- 
cated accoimts  of  its  activity,  although  some  of  its  products 
have  an  appearance  of  freshness,  leading  to  the  belief  that 
they  are  of  recent  date.  It  consists  of  a  nearly  circular  hill- 
range,  sloping  upwards  from  the  base  all  roimd  with  the 
usual  gradually  increasing  talus-like  inclination,  to  a  height 
at  some  points  of  2000  feet,  where  the  slope  terminates  in 
a  steep  circular  and  predpitous  escarpment,  surroimding  (ex- 
cept at  one  point  to  the  east,  where  there  is  a  depression) 
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a  wide  basin^  evidently  a  great  crater,  formed  by  some  par- 
oxysmal eruption  which  destroyed  the  upper  part  of  what 
must  have  been  once  a  much  loftier  moimtain.  The  diameter 
of  this  basin  is  two  and  a  half  miles,  and  its  cirq;unference 
seven  and  a  half.  In  the  centre  rises  a  conical  hill,  called 
the  Monte  della  Croce,  to  the  height  of  8200  feet  from  the  sea 
— considerably  above  the  highest  point  of  the  surrounding 
crater-*rim.  The  rock  of  which  this  hill  is  composed  is  a 
trachyte  approaching  to  greystone,  fine-grained  and  compact, 
but  not  of  dose  texture,  containing  a  confused  mixture  of 
small  felspathic  granules,  glassy  and  having  a  fused  aspect, 
with  much  green  augite  and  brown  mica  in  hexagonal  tableiSi 
The  encircling  hill-range  almost  wholly  consists  of  mantling 
layers  of  leudtic  tufiP,  composed  principally  of  scorisB,  sand, 
and  lapilli,  with  many  loose  blocks  of  leucitie  lava ;  the  leudtes 
being  often  of  great  size,  as  big  as  large  walnuts,  with  some 
crystals  of  augite  and  a  felspathic  base.  Some  continuous 
layers  of  this  lava-rock  rest  upon  and  are  interbedded  in  the 
tuff.  There  is  a  second  large  crater  dosely  adjoining  this 
great  one  on  the  north  side,  called  La  Concha,  above  a  mile 
in  diameter,  and  a  third  smaller  one  about  two  miles  further. 
There  are  also  several  minor  eruption-cones,  which  have  pro- 
duced very  recent-looking  felspathic  lava-streams  on  the  outer 
flanks  of  the  mountain. 

The  advocates  of  the  Elevation-crater  theory  rdy  upon 
Rocca  Monfina  as  a  typical  example  in  support  of  their  views. 
They  consider  the  protrusion  of  the  central  boss  of  trachyte  to 
have  caused  the  upheaval,  in  an  annular  bank,  of  the  sur- 
rounding tuff-beds.  There  is  however,  in  truth,  no  good 
reason  to  be  given  for  this  opinion.  There  is  nothing  to  rebut 
the  supposition — ^which  would  be  in  accordance  with  the 
normal  action  of  volcanos — that,  after  the  formation  of  the 
great  crater  by  an  eruptive  paroxysm,  a  body  of  very  imper- 
fectly liquid  trachytic  lava  should  have  been  emitted  from 
this  central  vent,  and  have  piled  itself  up  into  the  massive 
conical  form  of  the  Monte  della  Croce.  All  the  examples  of 
the  greystone  lavas  of  this  volcanic  district,  in  Ponza,  Vento- 

*  Daubeny,  <  VolcanoB,'  p.  180. 
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tiene^  San  Stefano,  Monte  Olibano^  &c.^  show  that  they  pos- 
sessed a  very  low  degree  of  fluidity  when  emitted.  The  cir- 
cumstauce  of  a  volcano  which  had  previously  thrown  up 
leucitic  Ifivas  changing  the  mineral  character  of  its  products, 
and  giving  issue  to  a  trachytic  rock,  is  by  no  means  extra- 
ordinary ;  and  the  change,  at  all  events,  gives  no  support  to 
the  theory  of  the  upheaval  of  the  earlier  tuff-beds.  Moreover, 
Abich  describes  the  latest  lavas  produced  by  this  volcano  on 
the  outskirts  of  the  circular  hill-range  as  trachytic,  and  resem- 
bling the  central  rock  of  Croce.  I  lament  that  the  observa- 
tions of  this  last-named  writer,  illustrated  as  they  are  fay  sd- 
mirable  drawings  of  this  group,  should  be  rendered  less 
valuable  than  they  otherwise  would  be  by  his  adherence  to  the 
unhappy  doctrine  of  upheavalism.  Bocca  Monfina  is  situated 
at  no  great  distance  from  the  volcanic  hills  of  Latium^  which 
will  be  presently  described.  But  I  will  first  proceed  south- 
wards towards  the  Lipari  group  and  Etna. 

The  Lipari  Islands. — ^The  group  of  seven  islands,  called 
from  the  largest  the  Lipari  Isles,  that  lie  between  Naples  and 
Sicily,  together  with  several  insular  rocks  rising  above  the 
sea-level  about  them,  all  of  volcanic  character,  may  be  con- 
sidered as  belonging  to  the  same  system,  if  not  as  separate 
mouths  of  a  single  submarine  volcano. 

Two  at  least  of  these  may  be  reckoned  as  at  present  in  a 
state  of  activity,  viz.  Stromboli,  which  has  been  already  dwelt 
upon  in  an  earlier  page  as  one  of  those  rare  examples  of  a  vol- 
canic vent  in  permanent  eruption — its  constant  activity  being 
attested  by  writers  antecedent  to  the  Christian  era,  as  well  as 
by  numerous  subsequent  authorities, — and  Volcano,  which  has 
been  frequently  eruptive  within  that  period,  and  eusts  at 
present  in  the  condition  of  a  solfatara. 

Stromboli  is  in  figure  a  very  regular  cone.  The  remarkable 
circiunstance  in  this  small  but  most  interesting  volcano  is  that 
the  column  of  lava  within  its  chimney  is  shown,  by  the  constant 
explosions  that  take  place  from  its  surface  at  intervals  of  from 
five  to  fifteen  minutes,  casting  up  fragments  of  scoriform  lava, 
to  remain  permanently  at  the  same  height,  level  with  the  lip  of 
the  orifice  at  the  bottom  of  the  crater,  and  therefore  some  2000 
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feet  above  the  aea-Ievel.  It  is  evident  ^m  this  that  a  nearly 
perfect  equilibrium  is  preserved  between  the  expansive  force 
of  the  intumescent  lava  in  and  beneath  the  vent,  and  the 
represaive  force,  coDsiBting  in  the  veight  of  this  lofty  column 
of  melted  matter,  together  with  that  of  the  atmosphere,  above 
it ;  consequently  a  very  small  addition  to  or  subtractioD  from 

^^■^■^ 


View  of  Stromboli,  froni  the  Nordi. 
the  latter,  such  for  instance  as  any  change  in  the  preesore  of 
the  atmosphere,  mttst  to  gome  extent,  however  small,  derange 
the  equilibrimn.  It  need  not  therefore  surprise  us  that  the 
inhabitants  of  the  island,  chiefly  fishermen,  who  ply  their 
perilous  trade  day  and  night,  within  sight  of  the  summit  of  the 
volcano,  declare  that  it  serves  them  in  lieu  of  a  weather-glass, 
warning  them  by  its  increased  activity  of  a  lightening  of  the 
atmospheric  pressure  on  the  volcano — equivalent  to  a  fall  of  the 
mercury — and  by  its  Blu^;iBhneftB  giving  them  assurance  of  the 
reverse.  It  is  the  tension  of  heated  steam  or  water  disseminated 
through  the  lava  in  and  beneath  the  vent  which  occasions  ita 
eruptive  action,  and  the  boiling-point  of  every  drop  or  bubble 
must  be  sensibly  affected  by  every  barometric  variation.  Even 
in  the  time  of  Pliny  the  same  observation  wag  made  by  the 
navigators  of  the  Mediterranean.  "E  cujns  &uno,"  he  says, 
speaking  of  this  volcano,  "  quinam  futuri  sunt  venti  in  tri- 
duum  prsedicere  incohe  traduntur,  unde  ventos  ^olo  paruisse 
ezistimatum." 


334  VOLCANIC  FORMATIONS  OP  BUBOPE. 

In  the  foul  weather  of  winter  I  was  assured  by  the  inha- 
bitants that  the  eruptions  are  sometimes  very  violent^  and 
that  the  whole  flank  of  the  mountain  immediately  below  the 
crater  is  then  occasionally  rent  by  a  fissure^  which  discharges 
lava  into  the  sea^  but  must  very  soon  be  sealed  up  again^  as  the 
lava  shortly  after  finds  its  way  once  more  to  the  summit^  and 
boils  up  there  as  before.  Capt.  Smyth  found  the  sea  in  front 
of  this  steep  talus  unfathomable^  which  accounts  for  the 
remarkable  Yact  that  the  constant  eruptions  of  more  than  2000 
years  have  failed  to  fill  up  this  deep  sea-hollow.  The  scoriae 
ejected  by  Stromboli  are  highly  augitic ;  indeed,  some  of  the 
outer  slopes  of  the  cone  are  covered  with  loose  and  perfect 
crystals  of  augite,  often  cruciform,  and  of  titaniferous  iron. 
Its  recent  lavas  are  augitic;  but  rocky  masses  of  coarse-grained 
trachyte  form  the  southern  side  of  the  island.  The  stratified 
tuff  which  chiefly  composes  it  resembles  that  of  Ischia,  though 
in  many  parts  it  is  more  augitic  and  ferruginous. 

South  of  Stromboli  is  a  cluster  of  small  islets  and  rocks  so 
placed  as  to  make  it  probable  that  they  are  the  remains  of  one 
volcanic  island,  partly  perhaps  blown  up  by  paroxysmal  explo- 
sions, partly  worn  away  by  the  waves.  Panaria  (the  largest), 
Basiluzzo,  and  the  others,  all  consist  of  a  hard  and  highly 
crystalline  granitoidal  trachyte,  in  some  cases  columnar,  com- 
posed of  glassy  felspar,  mica,  and  much  quartz.  Much  of  this 
rock  has  a  lamellar  and  even  a  slaty  structure  and  a  striated 
texture,  evidently  occasioned,  like  the  ribboned  trachyte  of 
Ponza,  by  the  dragging  out  of  matter  of  different  mineral  cha- 
racter into  distinct  planes  while  in  a  softened  state. 

lApari  comes  next — a  considerable  island,  made  up  of  three 
or  four  separate  mountains,  the  product  of  as  many  eruptive 
vents.  They  are  partly  composed  of  pumice-tuff,  but  chiefly  of 
alternate  layers  of  pumice  and  obsidian,  both  fragmentary  and 
disposed  in  continuous  sheets  or  currents  of  glassy  lava.  In 
their  vesicular  or  fibrous  parts  the  fibres  and  vesicles  are 
imiformly  elongated  in  the  direction  of  the  downward  flow  of 
the  current.  In  the  Monte  Guardia  these  beds  form  a  mass 
several  hundred  feet  in  thickness.  They  have  flowed  from  its 
summit  in  successive  streams,  which  have  consolidated  in  the 
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manner  of  ordinary  lavas  on  the  slopes  of  the  mountain  at  an 
angle  of  from  20^  to  80^.  The  lower  beds  are  less  vitreous 
than  the  upper.  This  glassy  lava  passes  at  some  points  into 
a  compact  stony  trachyte  resembling  daystone^  at  others  into 
pearlstone.  Both  are  laminated^  and  divide  readily  into 
tabular  masses,  as  indeed  does  the  pumice  and  obsidian-rock 
likewise.  Another  of  the  mountains  in  Lipari,  called  Campo 
Bianco,  has  a  perfect  crater  on  its  summit,  and  the  cone  which 
contains  it  is  itself  encircled  by  another  older  crater-wall.  All 
the  rocks  are  of  pumice  or  glassy  lava,  either  in  loose  blocks  or 
continuous  streams.  Campo  Bianco  supplies  all  Europe  with 
the  fibrous  pumice  of  commerce,  and  may  continue  to  do  so 
for  thousands  of  years.  These  enormous  accumulations  of 
highly  vitreous  lava-currents,  composing  entire  mountains,  are 
well  worthy  the  attention  of  those  geologists  who  consider  all 
the  crystalline  and  stony  lavas  to  have  been  vomited  in  a  state 
of  complete  vitreous  fusion,  and  to  owe  their  lithoidal  cha- 
racter to  slow  subsequent  cooling. 

There  can  be  no  reason  for  supposing  that  these  obsidian 
and  pumice  streams  were  more  quickly  cooled  than  the  augitic 
lavas  of  the  neighbouring  volcano  of  Salina,  or  the  highly 
crystalline  trachyte  of  Basiluzzo  and  Panaria,  or  the  greystone 
lavas  of  Etna,  or  the  leudtic  lavas  of  Vesuvius.  How  then 
came  the  former  to  retain  a  vitreous  texture  throughout,  and 
the  latter  to  be  everywhere  stony  and  crystalline,  if  both  were 
erupted  in  a  similar  condition  of  molecular  fusion  ?  The  only 
possible  explanation  of  the  different  texture  exhibited  by  the 
two  classes  of  rock  seems  to  be,  that  the  latter  lavas  were  not 
thoroughly  fused  at  the  time  of  their  emission,  but  consisted 
of  a  granulated  magma,  the  imperfectly  formed  crystals  being 
lubricated  by  a  more  liquid  base,  and  by  heated  intercalated 
steam,  composing  a  red*hot  granulated  paste.  (See  pp.  116- 
122,  supra.) 

Some  of  the  rocks  of  lipari  towards  the  east  are  siliceous, 
white  in  colour,  and  cellular,  crystals  of  quartz  lining  the 
cells.  They  resemble  the  millstone-porphyry  of  Hungary  and 
the  siliceous  trachyte  of  Ponza  described  above. 

There  are  several  hot-springs  in  the  island,  traversed  by 
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emanations  of  sulphuretted  hydrogen  gas.     One  very  copious 
source  of  nearly  boiling  water  gushes  from  the  side  of  a  hill 
at  a  height  of  800  feet  above  its  base.   The  escarpment  whence 
it  issues  is  composed  of  numerous  perfectly  horizontal  and 
parallel  strata  of  incoherent  volcanic  ashes^  alternating  re- 
gularly with  others  of  a  solid  lithoidal  and  siliceous  nature. 
The  first  are  from  2  to  3  feet  thick,  the  latter  not  above  4  or 
5  inches.     Both  contain  vegetable  remains,  leaves,  twigs^  &c. 
The  stony  layers  are  grey,  veined  with  red,  and  resemble  agate 
and  jasper.     They  often  split  into  small  prisms.     Their  sur- 
face is  porous  and  cellular.    These  cells  puzzled  greatly  M. 
Faujas  de  St.  Fond.     He  supposed  such  air-cells  indubitably 
indicated  fusion  by  fire;  yet  this  idea  could  not  be  reconciled 
with  the  leaves  they  enveloped,  or  the  thin  strata  of  the  rock. 
The  fact  is,  that  this  is  a  very  analogous  formation  to  that 
still  going  on  upon  the  surface  of  the  plain  within  the  crater 
of  the  Solfatara  of  Puzzuoli.     The  aluminous  earth  washed 
down  from  the  decomposed  trachjrtes  and  tufas  that  form  the 
sides  of  this  crater  is  collected  within  flat  pits  surrounded 
by  embankments  for  the  purpose,  and  then  slowly  deposited 
from  the  water  that  holds  it  in   suspension, — ^the   coarsest 
parts  first,  and  the  finest  last,  in  horizontal  layers.     Of  these 
layers  the  upper,  being  competed  of  the  finest  sediment,  before 
it  is  dry  forms  a  fine  white  mud  or  clay ;  as  it  is  gradually 
dried  up  by  the  rays  of  the  sim,  it  hardens  into  a  crust  as  fine 
and  compact  as  the  purest  porcelain  biscuit,  and  in  many  parts 
of  a  semi-vitreous  or  glassy  lustre.     This  crust  is  so  compact 
and  so  suddenly  hardened  by  the  rays  of  the  sun,  that  the 
moisture  of  the  lower  strata  cannot  escape  in  vapour  through 
it,  and  consequently  collects  beneath  the  crust  in  globular  air- 
bubbles.    During  its  desiccation  the  mass  also  often  contracts 
and  sphts  mto  rude  columnar  prisms.    In  the  strata  of  Lipari 
It  appears  that  the  sediment  was  ^m  finer  and  probably  more 
sthceous  than  at  PuzzuoU,  consequently  the  upper  crust  was 
stdl  more  glassy  and  jaspiform,  being  coloured  by  oxide  of 
i^n;  whereas  that  of  the  Solfatara  is  ahnost  pure  alumine. 
In  the  Lipan  rocks  the  mtermediate  beds  of  loose  ash  nro 
bably  fell  m  that  state  from  the  air  (ejected  bT^he   nei^" 
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bouring  craters)  during  the  intervals  of  the  storms  of  rain 
which  carried  down  and  deposited  the  siliceous  and  hardened 
sedimentary  layers. 

The  plants  of  which  the  remains  are  found  in  the  tuff  are 
both  dicotyledonous  and  monocotyledonous,  and  prove  the 
eruptions  which  buried  them  to  have  been  subaerial.  In- 
deed, the  hot-springs,  together  with  some  vague  notices  that 
are  to  be  met  with  in  many  early  writers,  seem  to  show  that 
eruptions  may  have  occasionally  occurred  firom  some  of  the 
craters  of  this  island  within  the  historic  period. 

Volcano, — ^That  certainly  has  been  the  case  with  tiie  prin- 
cipal crater  of  the  adjoining  island  of  Volcano,  in  the  inte- 
rior of  which  copious  emanations  are  emitted  of  sulphurous 
acid  gas  (Daubeny,  p.  258) ;  these,  by  decomposing  the  rock 
around,  give  rise  to  deposits  of  boracic  acid  and  sal  ammo- 
niac, both  largely  collected  for  commercial  uses.  A  dyke  of 
compact  scaly  trachyte  (clinkstone)  traverses  one  side  of  the 
crater.  There  was  an  eruption  from  this  volcanic  mouth  in 
1775,  and  again  in  1786.  On  the  last  occasion  the  present 
crater  was,  no  doubt,  formed,  since  the  mountain  is  said  to 
have  vomited  scorise  and  ashes  for  fifteen  days  without  ceasing. 
In  1775  a  stream  of  glassy  lava  flowed  from  the  summit  of 
the  cone ;  at  which  time,  of  course,  the  crater  could  not  have 
been  in  existence.  The  cone  which  contains  the  present 
crater  is  itself  almost  surrounded  by  the  precipitous  walls  of 
another  much  larger  exterior  crater-ring  or  hollow  cone ;  and 
on  the  opposite  or  bi*eached  side  is  a  third,  smaller  cone,  with 
a  still  smoking  crateriform  depression  at  its  summit,  called 
Volcanello.  (See  figs.  46  and  47,  p.  193.)  The  bulk  of  these 
three  moimtains  consists  of  beds  of  earthy  trachyte,  pumice, 
obsidian,  and  their  conglomerates,  resembling  those  of  Lipari, 
and  disposed  with  a  quaquaversal  dip  fit)m  the  ridges  of  the 
several  craters. 

To  the  N.W.  of  Lipari,  a  very  regular  volcanic  mountain 
rises  from  the  sea  to  the  height  of  3500  feet,  called  Salina. 
It  has  a  crater,  and  is  composed  of  beds  of  peperino  or  au» 
gitic  tuff,  and  of  lava  equally  abounding  in  that  mineral ;  all 
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sloping  outwardly^  as  usual^  firom  the  circular  rim  of  the 
crater. 

Felicuda  and  Alicuda  are  two  other  yolcanic  insular  rnoun* 
tains.  The  first  emits  from  its  crevices  sulphureous  vapours. 
Both  possess  craters  on  their  summits.  Some  of  thdr  lavas 
resemble  clinkstone;  some  are  large-grained  trachyte,  and 
regularly  columnar.  In  their  cliffs  ten  or  twelve  beds  of  lava 
may  be  seen  alternating  with  conglomerate-layers. 

Ustica,  another  island  in  the  continuation  of  the  same  east 
and  west  line^  at  a  distance  of  forty  miles  north-west  of  Pa- 
lermo^ contains  three  large  breached  craters,  and  is  composed 
of  a  brown  tuff,  or  peperino,  alternating  with  thick  beds  of 
greystone  lava,  full  of  felspar  and  augite,  with  some  olivine, 
all  sloping  from  the  summit  to  the  sea  around.  Pumice  also 
occurs  in  it,  as  well  as  much  calcareous  matter  cementing  the 
volcanic  conglomerate,  and  containing  marine  shells,  attest- 
ing the  recent  emergence  of  part  of  this  island  firom  beneath 
the  sea. 

I  visited  the  Lipari  Isles  in  1820,  and  was  greatly  struck 
by  their  remarkable  features,  which  convey  a  more  vivid  notion 
of  the  conduct  of  volcanic  action,  especially  when  productive 
of  vitreous  felspathic  lavas,  than  perhaps  any  other  equally 
accessible  localities.  I  strongly  recommend  them  to  the  study 
of  those  geologists  who  desire  to  form  their  own  opinions  on 
volcanic  phenomena. 

Sicily  and  Etna, — The  southern  angle  of  Sicily,  forming 
the  province  of  Val  di  Noto,  is  partly  composed  of  calcareous 
strata  of  newer  Pliocene  age,  interbedded  with  volcanic  tuff 
and  basalt.  It  appears,  therefore,  that  this  district  was  the 
site  of  eruptive  igneous  action  when  probably  the  whole  surface 
of  the  present  island  lay  beneath  the  waters  of  the  Medi- 
terranean. 

Etna  itself  is  based  upon  similar  beds  of  marine  origin 

(marls  and  clays  of  the  age  of  the  Norwich  Crag,  in  the 

opinion  of  Sir  Charles  Lyell*).      They  are  to  be  seen  in 

sea-cliffs  500  and  600  feet  high  along  its  eastern  base,  asso- 

*  PhU.  Trans.  1868,  **  On  Etna,"  &c.,  p.  78. 
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elated  with  basaltic  and  other  igneous  products.  They  even 
reach^  at  the  distance  of  a  few  miles  inland^  on  the  eastern 
side  of  the  mountain^  a  height  of  more  than  1200  feet  above 
the  sea-level^  where  likewise  they  are  capped  with  lava-beds. 
It  is  therefore  certain  that^  within  a  comparatively  recent 
geological  period^  the  area  forming  the  base  of  the  moimtain 
must  have  been  gradually  upheaved  by  at  least  that  amount 
of  vertical  rise^  while  its  superior  mass  was  being  as  gra- 
dually erupted  in  open  air  and  distributed  into  its  present 
position.  There  is  every  reason  to  believe  that  the  entire 
conical  mountain^  at  least  from  that  level  up  to  the  central 
apex^  now  nearly  11^000  feet  above  the  sea^  is  wholly  com- 
posed of  alternate  layers  of  lava-rock  and  its  conglomerates. 
This  internal  structure  is  disclosed  more  or  less  in  all  the 
water-courses  that  drain  its  slopes^  but  best  of  all,  in  one 
deep  and  wide  valley  pierced  through  its  eastern  flank  and 
opening  down  to  the  sea — ^the  well-known  Yal  del  Bove.  The 
beds^  wherever  observable,  have  the  usual  quaquaversal  dip 
from  the  central  heights  to  the  plaiu  around,  except  in  the 
upper  part  of  the  Yal,  where  they  dip  towards  the  present 
central  axis  of  the  mountain,  or,  rather,  mantle  round  a  point 
within  the  higher  basin  called  Trifc^lietto,  which  is  thence 
justly  supposed  by  Sir  C.  Lyell  to  have  been  at  some  former 
period  the  site  of  the  principal  eruptive  chimney, — ^a  shift 
having  since  taken  place  to  the  actual  centre  of  eruption,  and 
highest  cone,  called  Mon  Gibello.  The  evidence  adduced  in 
proof  of  this  by  Sir  C.  Lyell  is  quite  conclusive;  and  indeed 
nothing  can  be  more  accordant  with  the  ordinary  laws  of 
volcanic  action  than  such  a  shifting  of  the  axis  of  eruption. 
(See  p.  227.)  The  question  as  to  the  origin  of  the  Yal  del 
Bove  itself  might  perhaps  be  more  open  to  dispute ;  at  least, 
it  is  one  on  which  Sir  Charles  Lyell  still  expresses  a  doubt 
whether  subsidence  or  explosions  had  the  chief  share  in  its 
production.  To  me,  I  own,  it  has  always  appeared  to  have 
originated  in  a  great  fissure,  enlarged  into  a  crater  by  some 
paroxysmal  eruption  which  blew  out  of  the  heart  of  the  moun- 
tain, and  since  widened  by  the  abrasive  violence  of  aqueous 
debacles,  caused  by  the  sudden  melting  of  snows  on  the  heights 
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above  by  the  heat  communicated  &om  erupted  lavas,  and 
showers  of  red-hot  scoriae  falling  over  the  surfisu^e.  One  such 
torrent,  indeed,  is  recorded,  which  rushed  down  this  same 
valley  in  1755,  in  the  month  of  March,  the  volcano  being  at 
the  time  covered  with  snow ;  on  which  occasion  the  flood  is 
said  by  Recupero  to  have  run  at  the  rate  of  a  mile  and  a  half 
in  a  minute,  for  the  distance  of  twelve  miles, — a  rate  which 
would  give  an  enormous  abrading  and  carrying  force  to  a  great 
body  of  water.  Accordingly  its  track,  two  miles  in  breadth, 
is  now  visibly  strewn  to  the  depth  of  from  30  to  40  feet  with 
sand  and  firagments  of  rock.  And  that  similar  debacles  had 
previously  for  many  ages  taken  the  same  course  is  demon- 
strated by  the  accumulation  of  a  vast  alluvial  formation  at  the 
opening  of  the  valley  to  the  sea  near  Giarre,  more  than  150 
feet  deep,  measuring  ten  miles  by  three  in  area,  and  now  re- 
sembling an  upraised  line  of  beach  400  feet  high  above  the  sea. 
Sir  C.  Lyell  terminates  his  detailed  re^isoning  on  this  subject 
by  saying,  ''  I  do  not  hesitate  to  attribute  the  bulk  of  the 
Giarre  alluvium  to  the  excavation  of  the  Val  del  Bove'^  by 
such  floods.    (See,  too,  p.  211,  supra,) 

Before  the  occurrence  of  the  paroxysmal  eruption  which 
originated  this  great  crater  (or  caldera,  as  Sir  C.  Lyell  calls 
it),  the  summit  of  the  volcano  situated  somewhere  within  its 
limits,  and  probably  in  the  axis  of  Trifoglietto,  rose,  no  doubt, 
far  higher  than  the  present  Etnean  apex,  perhaps  by  several 
thousand  feet.  Such,  indeed,  must  also  have  been  the  case 
with  the  latter  cone,  Hon  Gibello,  before  it  was  truncated 
by  the  formation  of  a  great  elliptical  crater,  2500  feet  wide 
acoordiog  to  Von  Waltershausen,  the  upper  rim  of  which 
is  still  visible,  encircling  the  Piano  del  Lago — a  sort  of  plat- 
form which  supports  the  recent  and  now  active  upper  cone. 
This  platform  is  not  flat,  but  rather  dome-shaped,  and  has 
been  formed,  no  doubt,  from  the  up-filling  of  the  vast  crater, 
of  which  its  ridge  marks  the  original  difi'-range,  by  subse- 
quent eruptions,  in  the  same  manner  as  that  which  formed 
the  summit  of  Vesuvius  before  it  was  blown  off"  by  the  explo- 
sions of  1822.    (See  pp.  187-190.) 

The  present  active  cone  of  Etna  rises  about  1200  feet  above 
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its  base  on  the  Piano  del  Lago.  It  contains  a  crater  whicli 
haa  paried  considerably  in  size  and  form  since  the  begiBning 
of  the  century.  During  this  period  it  has  been  frequently  in 
eruption,  and  abundant  tava-atreams  have  flowed  out  of  it 
through  a  wide  breach  to  the  north,  particularly  in  the  years 


OuUine  of  Etna  u 


1803audl838.  But,  gcueraUy  speaking,  the Etnean eruptions 
of  lava  take  place  from  lateral  openings ;  and  more  than  two 
hundred  small  scorite-cones,  marking  the  aite  of  snch  mouths, 
are  visible  on  the  flanks  and  towards  the  base  of  the  moun> 
tain.  Most  of  them  are  hreached,  and  have  evidently  poured 
forth  lava.  Many  are  more  than  half  buried  by  subsequent 
flows  of  lava  around  them  from  higher  points,  or  the  accu- 
mulation of  eijected  acoriie  and  ashes. 

Some  of  these  lateral  mouths  have  opened  within  the  Val 
del  Bove.  This  was  the  case  on  the  occurrence  of  the  last 
great  eruption  of  21st  August,  1852,  of  which  Sir  C.  Lyell 
^ves  many  interesting  details.  It  appears  that  clouds  of 
scoriffi  were  first  thrown  up  from  the  cenb-al  crater,  and  on 
the  next  day  there  were  formed  many  openings — some  say  aa 
many  as  seventeen — on  a  line  of  fissure  from  the  summit  to 
the  base  of  the  great  precipice  which  forms  the  head  of  the 
Val.  The  two  lowest  threw  up  there  two  cones  of  consider- 
able siae,  one  about  500  feet  high.  Prom  this  a  very  great 
lava-atream  took  its  course,  and  ran  in  the  first  day  about  two 
and  a  half  miles,  advancing  more  slowly  afterwards,  and  stop- 
ping on  the  eighth  day,  having  covered  a  surface  of  six  miles 
in  length,  with  an  average  width  of  two.  The  lava  broke 
forth  afresh  in  October,  and  again  in  November  j  the  stream 
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on  both  occasions  precipitating  itself  over  a  lofty  chS,  making 
a  sound  in  its  descent  ^'  as  if  metallic  and  glassy  substances 
were  being  broken/'  The  eruption  lasted  on  the  whole  nine 
months.  The  lava-streams  varied  in  depth  from  10  to  16 
feet ;  but  where  several  accumulated  one  above  the  other^  the 
mass  reached  150  feet  in  thickness.  The  central  vent  of  Mon 
Gibello  sympathized  throughout  with  these  lateral  eruptions^ 
its  explosions  increasing  in  intensity  when  the  latter  recom- 
menced their  eruptive  discharges.  The  surface  of  the  lava- 
stream  was  marked  with  great  longitudinal  crested  ridges 
with  parallel  intervening  hollows^ — flaggy  masses  topping 
these  crests,  and  rising  perhaps  from  70  to  80  feet  above  the 
bottom  of  the  adjoining  depressions.  These  great  wrinkles 
appeared  to  be  formed  of  concentric  layers  of  lava,  as  if  they 
had  been  folded  or  crumpled  up,  while  yet  in  a  softened  state, 
by  lateral  compression— which  was  perhaps  the  case.  Or  some 
may  have  been  the  summits  of  so  many  arched  channels  or 
gutters,  through  which  lava  so  often  runs,  and  which  treah 
outbursts  tend  to  split,  thrusting  up  fragments  in  rough  slaggy 
masses  at  the  crest  of  each.  The  sheet  of  lava  which  had 
cascaded  over  a  precipice  above  400  feet  high  formed  a  con- 
tinuous bed  of  stony  rock  between  two  and  three  feet  thick, 
with  an  upper  scoriform  portion  somewhat  thicker,  the  whdie 
inclined  at  an  angle  of  from  35^  to  50^;  demonstrating,  even 
if  no  other  evidence  was  forthcoming,  the  fallacy  of  the  doc- 
trine of  MM.  De  Beaumont  and  Dufrenoy  as  to  the  impossi- 
bility of  lava  congealing  into  solid  stone  at  angles  steeps  than 
8°  or,  at  most,  5°. 

The  steep  slopes  nearly  surrounding  the  upper  part  of  the 
Val  del  Bove  have  been  similarly  encrusted  with  lava-currents 
of  earlier  dates  which  have  flowed  down  from  the  neighbour- 
hood of  the  highest  cone.  Some  of  these  are  seen  in  the 
sketch  in  the  next  page,  copied  from  Von  Waltershausen. 

Etna  seems  to  have  been  in  frequent  activity  during  the 
four  centuries  preceding  the  Christian  era,  but  was  compara- 
tively tranquil  for  1000  years  after,  since  which  time,  for 
more  than  eight  centuries,  it  has  continued  in  the  phase  of 
intermittent  paroxysms — eruptions  of  considerable  violence 
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having  succeeded  each  other  at  short  intervals.  Von  Wal- 
tershaosen's  admirable  map  of  the  mountain  represents  the 
chief  Bcorite-cones  that  have  been  throim  up  daring  this  long 
period  on  the  slopss  of  the  mountain,  and  the  lava-streama 
that  have  flowed  from  them,  radiating  in  all  directions  out- 
wards &om  the  central  heights  to  the  sea  or  the  plains  around. 
It  seems  evident  from  the  mere  inspection  of  such  a  map, 
but  still  more  of  the  mountain  itself,  that  if  in  the  conne  of 


only  eight  centorics  such  an  immense  amount  of  matter  has 
been  added  to  the  former  surface,  the  multiplication  of  similar 
eruptions  through  an  indefinite  number  of  ages — say  from  the 
beginning  of  the  Post-pliocene  era  to  the  present  day — would 
necessarily  have  accumulated  a  proportionately  greater  mass, 
equal  probably  in  bulk  to  the  entire  mountain,  and  it  be- 
comes a  matter  of  wonder  how  any  geologists  could  have 
thought  it  necessary  to  adopt  the  notion  of  a  sudden  upheaval 
of  the  whole,  or  the  greater  part,  "  like  a  bladder,"  in  one  day, 
as  the  mode  of  its  formation. 

It  is,  no  doubt,  true  that  to  a  certain  extent  the  bulk  of  the 
mountain  will  have  been  increased  through  internal  swelling 
from  the  injection  of  fissures  broken  across  its  framework  by 
the  lava  rising  in  the  vent  at  the  epochs  of  its  several  erop- 
tions.  The  amount  of  this  internal  accretion  will  be  measured 
by  that  of  the  more  or  less  vertical  dykes  which  iDtersect  its 
horizontal  or  sloping  beds.  But  though  these  are  certainly 
anmerouB  towards  the  central  parts  of  the  mountain,  their 
aggregate  bulk  cannot  at  the  utmost  be  estimated  at  more 
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than  one-sixth  of  that  of  the  beds  they  traverse — ^the  accumu- 
lated products  of  outward  eruptions.  Nor  can  they,  even  in 
this  reduced  proportion,  be  admitted  to  afford  the  least  coun- 
tenance to  the  Elevation-crater  hypothesis,  which  assumes  the 
existence  of  a  hollow  vault  beneath  the  crust  of  the  volcano, 
and  attributes  its  upheaval,  not  to  successive  heavings  accom- 
panying each  of  its  innumerable  eruptions,  but  to  one  single 
expansive  effort  of  subterranean  gases.  There  is  no  need,  how- 
ever, to  dwell  further  on  this  exploded  and  wholly  untenable 
theory.  (See  p.  167.) 

The  lavas  produced  by  Etna  are  generally  of  that  inter- 
mediate mineral  character  between  trachyte  and  basalt  which 
I  have  called  greystone.  Neither  pumice  nor  obsidian  has 
been  found  on  any  part  of  the  mountain — a  remarkable  fact, 
considering  the  proximity  of  the  Lipari  Isles,  which  abound 
in  the  vitreous  and  highly  felspathic  lavas.  Professor  G.  Rose 
has  determined  the  Etnean  lavas  to  consist  of  an  intimate 
mixture  of  Labrador  felspar  and  augite.  There  is  a  very 
general  uniformity  in  the  character  of  its  lavas  of  all  ages 
— the  more  recent,  however,  being  more  ferruginous  than 
the  earlier.  The  scorise  of  Etna  are  consequently  heavy  and 
harsh.  Nor  is  there  such  a  variety  in  the  ejected  extraneous 
fragments  as  at  Vesuvius.  Some  of  granite  have  been  occa- 
sionally, but  rarely,  found. 

There  appears  to  be  no  correspondence  in  point  of  time 
between  the  eruptions  of  Etna  and  Vesuvius,  or  of  the  inter- 
mediate volcanic  vents,  from  a  comparison  of  their  dates,  so  far 
as  historical  records  of  such  phenomena  allow  of  a  judgment 
being  formed  upon  the  subject. 

Paniellaria. — The  island  of  this  name,  thirty-six  miles  in 
circumference,  lying  about  sixty  miles  off  the  coast  of  Sicily 
on  the  south-west,  and  about  half-way  towards  the  nearest 
point  of  Africa,  is  wholly  composed  of  volcanic  rocks.  Some 
of  them  appear,  from  the  statement  of  Hofiman,  to  be  highly 
felspathic,  and  to  resemble  those  of  Lipari  in  the  abundance 
of  pumice  and  obsidian,  which,  as  in  the  latter  island,  occur  in 
currents,  and  often  contain  large  cracked  crystals  of  felspar. 
With  these  are  associated  many  ferruginous  lavas  resembling 
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those  of  Etna ;  so  that  in  this  case  the  two  varieties  of  volcanic 
product  peculiar  to  the  two  last-described  localities  are  com- 
bined. There  seem  to  be  traces  of  a  vast  crater  encircling 
a  space  twelve  miles  in  diameter  (1)^  the  enclosing  walls  being 
composed  of  beds  of  trachytic  lava-rock  and  pumice-conglome- 
rate^  all  sloping  towards  the  sea.  Though  there  is  no  record 
of  any  eruptions  from  this  volcano^  it  was  probably  in  activity 
at  no  very  remote  period,  since  steam  issues  upon  many  points, 
as  well  as  several  hot-springs. 

Graham's  Isle. — In  the  interval  between  Pantellaria  and 
the  nearest  part  of  Sicily,  at  about  an  equal  distance  from 
both,  the  submarine  eruption  took  place  in  1831  which  pro- 
duced the  small  island  so  named  by  Capt.  Smyth,  and  by  the 
French  the  He  Julie,  already  noticed  in  the  body  of  this  work 
(see  pp.  61  &  237).  It  very  shortly  after  disappeared,  under 
the  wearing  action  of  the  waves,  probably  to  reappear  on  the 
occurrence  of  some  future  eruption,  and  in  the  end  perhaps 
become  a  permanent  isle. 

Linosa  and  Lampedusa. — Two  other  wholly  volcanic  islands, 
about  five  miles  in  diameter,  rise  from  the  Mediterranean  on 
the  south-west  of  Sicily,  and  nearly  half-way  between  Pantel- 
laria and  Malta,  but  rather  to  the  south  of  the  direct  line. 
The  first  is  surrounded,  according  to  Capt.  Smyth,  by  im- 
fathomable  water.  It  possesses  four  distinct  craters.  The 
highest  peak  measures  850  feet  from  the  sea. 

From  what  has  gone  before  it  appears  worthy  of  notice 
that  the  triangular  island  of  Sicily  is  almost  surrounded  by 
sites  or  lines  of  volcanic  eruption.  The  range  of  the  Lipari 
Isles  and  Ustica  runs  nearly  parallel  with  its  northern  shore, 
Etna  and  the  volcanic  rocks  of  the  Y al  di  Noto  border  or  com- 
pose its  eastern  shore,  while  the  three  last-mentioned  volcanic 
isles  front  its  southern  flank.  I  mention  this  as  one  of  the 
examples  of  the  general  law  of  the  parallelism  of  volcanic 
chains  of  vents  with  the  adjoining  coast-lines  noted  in  the  body 
of  this  work  (see  p.  275,  supra). 

North  Africa. — The  island  of  PanteUaria  lies  within  fifty 
miles  of  the  coast  of  Tunis,  about  Cape  Bon,  and,  in  conjunc- 
tion with  the  last-mentioned  sites  of  eruption,  appears  as  a  link 
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connecting  Sicily  with  Africa,  especially  as  the  iutervening 
tract  is  known  to  be  very  shallow  compared  with  the  average 
depth  of  the  Mediterranean.  We  should  hence  be  justified 
in  the  expectation  of  finding  traces  of  volcanic  action  upon 
some  part  of  the  African  coast  in  that  direction.  I  am  not 
aware^  however,  of  any  authentic  information  upon  this  point. 
Further  south,  and  immediately  at  the  back  of  Tripoli^  we 
hear  of  basaltic  hills.  And,  again,  in  the  interior,  on  the  route 
from  Tripoli  to  Fezzan,  considerable  portions  of  the  Atlas 
range,  called  Djebel  Soudan,  and  the  Black  Haroutch,  are 
described  by  Ritchie  and  Homemann  as  wholly  basaltic.  They 
seem  to  belong  to  the  tertiary  age,  being  mixed  with  calcareous 
sedimentary  strata  of  that  period,  so  as  to  form  a  very  dose 
parallel  to  the  traps  of  the  Vicentine,  petrified  fish  even  being 
found  in  a  fissile  limestone  in  the  same  abundance  as  at  Monte 
Bolca.  This  range  is  presumed  to  be  the  Mons  Ater  of  Pliny. 
And  as  Soliniis  speaks  of  the  snowy  summits  of  Atlas  shining 
with  nightly  flames,  it  has  been  thought  not  improbable  that 
some  of  these  mountains  may  have  been  eruptive  within  the 
historical  period. 

Sardinia, — It  appears,  &om  the  fiill  and  able  description  of 
the  geology  of  this  island  by  General  della  Marmora  (Voyage 
en  Sardaigne  :  Turin,  1857),  that  it  exhibits  on  many  points, 
scattered  over  a  large  part  of  its  surface,  the  results  of  vol- 
canic eruptions,  repeated  fi*om  the  earliest  period  to  that 
which  immediately  preceded  the  introduction  of  man  upon 
the  globe.  The  basal  rocks  of  the  island  are  gneissose  and 
Silurian,  penetrated  and  upheaved  by  granite,  porphyry,  and 
greenstone  (diorite)  with  steatitic  portions.  This  axial  eleva- 
tion ranges  due  N.  and  S.,  and  is  continuous  and  probably 
coeval  with  that  of  Corsica.  During  the  upheaval  of  this 
central  axis,  and  from  a  fissure  parallel  to  it  on  the  west, 
eruptions  took  place,  and  produced  several  groups  of  hills 
composed  of  trachytic  porphyry  and  tufi^,  with  much  stratified 
pimiice.  The  trachyte  is  seen  to  rise  through  granite  and 
the  other  basic  rocks,  but  generally  rests  upon  its  own  tuflRs 
in  current-like  beds  {couUes).  Its  eruption  was  subsequent 
to  the  deposition  of  the  Nummulitic  (Eocene)  strata,  which 
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appear  at  that  time  to  have  been  forcibly  folded  into  parallel 
wrinkles.  There  are  also  indications  of  fractores  and  dislo- 
cations about  this  period  in  an  E.  and  W.  direction  at  right 
angles  to  the  main  axial  ridge,  and  it  is  generally  at  the  in- 
tersection of  these  transverse  systems  of  rents  that  the  erup- 
tions are  found  to  have  burst  forth.  Some  of  the  trachytic 
tuffs  contain  Miocene  freshwater  shells  and  vegetable  remains. 
A  subsequent  eruptive  era  threw  out  other  trachytes  con- 
taining hornblende,  and  passing  into  clinkstone.  These  are 
intermingled  with  the  marine  Subapennine  (Pliocene)  strata; 
and  both  these  classes  of  rocks  are  seen  in  turn  to  have  been 
pierced  by  dykes  of  basalt,  connected  with  a  later  and  very 
copious  emission  of  basaltic  lavas,  which  cover  large  areas  of 
the  island  with  plateaux  capping  hills  of  Subapennine  lime- 
stone and  the  earlier  rocks.  These  plateaux  have  suffered  great 
denudation  and  dislocation  since  their  flowing  as  lava  into 
their  present  position.  One  district  alone  of  this  character 
occupies  an  area  of  .fifty  geographical  miles  in  circumference— 
which  consists,  in  fact,  of  one  great  volcanic  mountain  (the 
Monte  Ferru)^  rising  8200  feet  above  the  sea.  Its  central 
eminences,  forming  separate  peaks,  surround  what  may  have 
once  been  a  great  crater,  filled  up  by  subsequent  eruptions 
and  the  effects  of  atmospheric  degradation.  From  these 
peaks  currents  of  basalt  slope  downwards  on  all  sides,  having 
their  origin  generally  in  scoriform  knolls,  which  mark  the 
issue  of  the  lava,  though  the  lighter  and  looser  scoriae  have 
disappeared.  These  basaltic  currents  reach  to  a  great  di- 
stance, with  a  gradually  diminishing  slope,  and  have  been 
cut  up  by  waterwom  ravines,  and  perhaps  by  earthquake- 
shocks  likewise,  into  isolated  plateaux  capping  hills  of  con- 
siderable elevation  above  the  intervening  valleys.  The  deeper 
ravines  that  furrow  this  mountain's  flank  show  that  its  nucleus 
is  trachytic.  We  have  here  therefore,  as  in  Somma,  in  the 
Mont  Dore  and  Cantal  of  Central  France,  and  many  other 
parallel  cases,  a  volcanic  mountain  whose  earlier  eruptions 
were  chiefly  felspathic,  the  later  augitic.  Indeed,  the  analogy 
of  the  volcanic  rocks  of  Sardinia  of  different  ages  with  those 
of  Central  France  ib  remarkably  dose.    The  trachytic  por- 
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phyry  is  described  by  General  della  Marmora  as  resembling 
domite.  It  differs^  however^  in  one  respect  from  the  trachyte 
of  Auvergne^  by  being  occasionally  vitreons  in  texture^  and 
containing  bands  of  obsidian  and  perlite^  ribboned  and  brec- 
ciated^ — in  this  corresponding  to  some  of  the  trachytes  of 
Ponza^  of  Lipari^  of  Pantellaria,  and  Hungary.  The  newer 
lavas  of  Monte  Fcrru  contain  olivine.  Some  of  them  are 
rather  greystone  than  basalt ;  some  amygdaloidal^  and  occa- 
sionally columnar. 

Another  volcanic  mountain^  called  Monte  Arci,  of  about 
the  same  date^  but  not  quite  on  so  large  a  scale,  offers  pre- 
cisely the  same  constitution — a  central  nucleus  of  trachytic 
rocks,  supporting  currents  of  basaltic  lava  with  quaquaversal 
dip  from  the  borders  of  a  summit-crater  half-encirded  by 
precipitous  clifl^,  whence  opens  a  great  valley  or  baranoo,  re- 
calling the  Etnean  Val  del  Bove.  The  traces  of  a  still  larger 
crater  seem  to  exist  in  the  circuit  of  the  neighbouring  Bay  of 
Oristano,  nearly  surrounded  by  basaltic  platforms  with  an 
outward  slope. 

Other  similar  eruptive  vents  of  this  period,  such  as  the 
Monte  di  Ban,  &c.,  occur  on  several  other  points  of  the  island; 
their  more  or  less  early  date  being  indicated  in  the  greater  or 
less  amount  of  aqueous  erosion  which  the  lavas  emitted  from 
them  have  undergone,  and  the  state  of  preservation  of  their 
cones  of  scorise  or  craters. 

The  age  of  these  augitic  eruptions  was  followed,  according 
to  Della  Marmora  (probably  rather  accompanied),  by  the  de- 
position of  a  considerable  marine  formation  of  Post-pliocene 
sand  and  sandstone  (Oris  quatemaire ;  Panchina  of  Leghorn, 
Genoa,  &c.)  which  encloses  rolled  pebbles  of  basalt.  This 
formation,  however,  never  reached  any  considerable  elevation 
above  the  sea-level ;  and  it  is  probable  that  the  eruptive  vents 
just  described  were  subaerial.  At  a  still  later  period  there 
•  occurred  eruptions  from  several  points  in  one  special  district 
in  the  centre  of  the  island,  between  Cagliari  and  Sassari,  where 
a  train  of  some  twenty  or  thirty  very  fresh-looking  dnder- 
cones,  each  productive  of  a  lava-stream,  rises  on  a  N.  and  S. 
line.    Large  isolated  crystals  of  augite  and  specular  iron  occur 
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in  the  puzzolana  and  ash  scattered  around.  The  lava  usually 
contains  the  same  crystals^  with  lai^  knots  of  olivine^  and  is 
in  parts  columnar.  The  scorise  decom}X)8e  into  a  red  earth. 
These  eruptions  have  burst  through  both  the  earlier  trachytes 
and  basalts  and  the  tertiary  marls.  Notwithstanding  their 
very  recent  aspect^  and  that  the  lava-currents  have  occupied 
the  lowest  levels  of  the  existing  surface^  it  would  seem  that 
these  evidently  subaerial  eruptions  preceded  the  occupation 
of  the  island  by  man^  since  some  very  ancient  remains  of 
the  earliest  presumed  inhabitants  are  found  to  have  been  built 
with^  and  upon^  their  lavas.  In  connexion  with  this  it  may 
be  mentioned  that  General  della  Marmora  describes  a  very 
recent  stratum  of  marine  shells,  of  the  species  which  now 
inhabit  the  sea  around,  as  gradually  sloping  from  the  sea- 
level  up  to  the  extreme  height  of  100  metres,  in  which 
stratum  he  foimd  a  piece  of  very  early  pottery  and  some  other 
fabricated  articles  among  the  sea-shells — unopened  Ostrese, 
Patellae,  Mytili,  &c.  Hence  it  would  appear  that  parts,  at 
least,  of  the  island  have  suffered  a  very  considerable  upheaval 
during  the  human  period,  perhaps  synchronously  with  the 
latest  volcanic  eruptions  just  described,  and  probably  with  the 
similar  elevation  of  the  opposite  (western)  coasts  of  Italy. 

Corsica, — ^The  north  and  south  direction  of  the  leading 
lines  of  volcanic  action  through  the  island  of  Sardinia  may 
be  considered  to  be  prolonged  through  this  island,  in  which 
erupted  rocks  of  volcanic  character  have  likewise  pierced  the 
tertiary  strata  towards  its  central  parts.  And  the  same  meri- 
dian line,  if  continued  further  north,  would  strike  the  group 
of  serpentine  and  trap-rocks  which  form  the  coast-range  to 
the  west  of  G^noa  near  Savona. 

But  I  now  leave  this  presumed  line  of  volcanic  development, 
and  return  to  the  nearly  parallel  one  of  the  western  coast  of 
Italy  north  of  the  Neapolitan  group. 
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CENTRAL  AND  NORTHEHN  ITALY. 

Alban  Hills. — On  the  road  from  Naples  to  Rome,  and  at 
no  great  distance  north  of  the  volcanic  mountain  of  Rooca 
Monfina  already  described  (p.  381)^  is  found  a  group  of  vol- 
canic hills  containing  several  circular  lake-basins,  which  were 
evidently  craters.     The  largest  of  these^  that  of  Ariccia,  it 
eight  miles  in  circumference ;  that  of  Albano  six.     The  lakes 
of  Nemi^  Jutuma^  Oabii^  and  Comufelle  near  Frascati,  are 
others.    They  may  all^  as  well  as  several  cones  of  scoriae  in 
their  vicinity^  be  considered  as  lateral  vents  of  the  principal 
volcano^  of  which  the  existing  summit  is  now  the  AHmoi 
Mount.     This  rises  nearly  8000  feet  above  the  sea.     It  has 
within  its  central  heights  a  very  regular  cone  and  crater,  the 
Camp  of  Hannibal^  or  Monte  Cavo^  broken  away  on  the  side 
of  Rome^  towards  which  it  has  poured  out  two  very  abundant 
and  well-marked  streams  of  leucitic  lava.   One  of  these  termi- 
nates in  a  lumpy  hillock  near  the  tomb  of  Csedlia  Metella,  <m 
the  Appian  Way ;  the  other  near  Ardea.    The  upper  cone  of 
Monte  Cavo  is  nearly  encircled  by  the  walls  of  a  fSeur  larger 
and  earlier  crater^  ten  miles  in  diameter.    They  consist  partly 
of  loose  scoriaB^  partly  of  peperino^  or  compact  basaltic  tuff,  oi 
which  latter  rock  the  slopes  of  several  of  the  volcanic  hills  of 
this  district  are  for  the  most  part  composed.     Its  elements  are 
sufficiently  compacted  together  to  make  it  serviceable  as  a 
building-stone — a  quality  which,  like  the  tuff  of  Naples,  it 
owes  beyond  question  to  the  forcible  nuxture  of  the  materials 
with  water  at  the  time  of  their  ejection  in  a  firagmentaiy  form 
from  within  crater-lakes,  such  as  the  existing  Lake  of  Albano^ 
or  marshes,  which  are  shown  to  have  covered  a  considerable 
surface  of  this  district  by  the  abundant  deposit  throughout  it 
of  calcareous  travertin  full  of  terrestrial  shells,  interbedded 
with  volcanic  lapillo  and  ash. 

There  seems  some  reason  to  believe  the  Alban  Mount  to 
have  been  in  eruption  since  the  historical  era  commenced. 
Its  lavas  are  grcystone,  composed  of  leucite  and  augite.  The 
imbedded  crystals,  of  the  former  mineral  especially,  are  often 
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very  lai^.  Some  parts^  however,  to  the  eye,  are  homoge- 
neous, compact,  and  possess  a  conchoidal  fracture.  One  re- 
markable variety  of  this  lava,  called  Sperone,  appears  near 
the  summit  of  the  Alban  Mount,  and  in  great  part  of  the 
contiguous  hill-range  about  Tusculum,  both  as  dykes  and 
currents  interbedded  with  the  loose  scoriaceous  conglomerate 
which  composes  the  mass  of  the  mountain.  It  is  sometimes 
waxy,  at  others  light,  coarse-grained,  porous^  and  rough  in 
texture,  resembling  some  trachytes  in  these  characters,  and  in 
parts  has  a  globular  concretionary  structure,  appearing  to 
consist  of  nodular  concretions  with  interstices  between  them. 
These  nodules  are  sometimes  arranged  in  layers,  as  if  stra- 
tified ;  this  is,  however,  probably  the  result  of  a  flattening 
or  dragging  out  of  the  matter  by  movement  during  the  con- 
cretionary  process.  This  lava  passes  into  the  more  ordinary 
leucitic  greystone.  At  Rocca  di  Papa  it  is  charged  with  small 
garnets.  The  gperone  is  quarried  largely  for  building-stone 
near  Tusculum.  It  is  not  very  dissimilar  from  the  Pipemo 
used  for  this  purpose  at  Naples.  The  beds  of  peperino 
have  a  general  slope  firom  the  hills  towards  the  plain  of  the 
Campagna.  They  are  often  separated  by  layers  of  lapillo,  or 
loose  volcanic  sand.  The  matter  has  evidently  often  flowed  as 
a  torrent  of  mud  down  the  slopes  of  the  volcano,  vegetable 
matter  being  found  under  its  beds,  and  even  surfaces  of  turf, 
the  grass-stalks  depressed  in  the  direction  of  the  descent. 
(Ponzi,  Storia  Nat.  del  Lazio.    Roma,  1859.) 

Sir  R.  Murchison,  in  an  interesting  paper  on  the  earlier 
volcanic  rocks  of  Italy  (Proc.  of  Gteol.  Soc.  1850,  p.  298)^ 
expresses  the  opinion  that  all  the  Peperino  of  this  district  is 
submarine,  and  (as  I  understand  him)  that  its  compactness  is 
owing  to  the  pressure  of  a  deep  sea  above.  This  is  cleariy  an 
error.  The  subaerial  mud-eruptions  of  the  South  American 
volcanos,  of  Java,  and  many  other  localities,  produce  a  rock  as 
tough,  solid,  and  massive  as  peperino.  The  tuff  which  covers 
Herculaneum,  and  which  we  know  to  be  of  subaerial  origin,  is 
equally  compacted.  And  I  myself  saw  strata  of  tuff  formed 
in  1822,  high  up  on  the  flank  of  Vesuvius,  from  the  ash  washed^ 
^own  by  rains,  so  hard  and  tough  as  to  require  a  severe  blow 
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of  the  hammer  to  break  them.  It  is  not  to  pressure  or  depo- 
sition of  the  materials  under  water  that  the  peculiar  compact- 
ness of  the  solid  trachytic  tuffs  or  augitic  peperinos  is  attri- 
butable^ but  to  their  tumultuous  admixture  with  water,  whether 
finally  deposited  beneath  the  water-level  or  in  the  open  air. 
The  loose  arenaceous  tufis  or  scoriae-conglomerates^  on  the 
other  hand^  owe  their  want  of  compactness  to  their  having 
either  fallen^  after  ejection  into  the  air  by  the  volcano^  at  the 
spots  they  now  occupy^  or  been  strewed  upon  the  surfaces  they 
overlie  by  gentle  currents.  The  two  sorts,  in  truth,  often  pass 
into  and  alternate  with  one  another,  as  would  be  the  case 
supposing  their  distinctive  character  to  be  owing  simply  to 
these  different  circumstances  of  deposition  (see  p.  242,  supra). 
The  peperino-beds  that  slope  firom  the  edge  of  the  crater  of  the 
Alban  Lake  were  certainly  subaerial,  for  they  alternate  with 
layers  of  loose  lapillo  and  the  remains  of  terrestrial  vegetation. 

The  famous  seven  hills  of  Rome  itself  are  partly  volcanic 
and  of  the  same  mixed  character.  The  tuff,  however,  is  gene- 
rally more  felspathic,  and  contains  a  less  proportion  of  augite 
and  mica  than  the  peperino.  It  is  also  more  friable  and  of  a 
darker  colour.  It  overlies  the  fossiliferous  strata  of  Subapen- 
nine  (older  Pliocene)  age. 

North  of  Rome  are  numerous  indications  of  volcanic  action 
on  a  large  scale,  which  probably  took  place  at  a  time  when  the 
low  lands  west  of  the  Apennines  were  but  partially  elevated 
above  the  sea-level.  The  great  circular  lake  of  Bracciano, 
twenty-two  miles  in  circumference,  is  surrounded  with  volcanic 
sand  and  lapillo,  some  pumice,  and  fragmentary  augite,  leucite, 
and  titaniferous  iron,  and  must  be  regarded  as  a  crater.  Two 
other  smaller  basins  of  similar  character  adjoin  it  towards 
Baccano ;  and  beds  of  leucitic  lava  cap  some  of  the  hills 
around.  At  La  Tolfa,  westward  of  this,  occur  trachytic  rocks 
penetrated  by  sulphureous  vapours,  which  decompose  them 
into  aluminite. 

The  Monti  Cimini. — Near  Ronciglione,  an  eminence  caUed 
the  Monte  Rossi  shows  a  very  distinct  crater  on  its  summit, 
now  a  lake,  whence  a  current  of  black  basaltic  lava  has  issued 
and  followed  the  course  of  the  contiguous  valley.     The  towi) 
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of  Bonciglione  itself  stands  upon  stratified  tuff  forming  the 
southern  and  lowest  lip  of  a  lofty  circular  hill-range  called  the 
Monti  Cimini^  which  encloses  another  large  crater-lake^  from 
the  midst  of  which  rises  a  small  secondary  cone.  This  is^ 
in  fact^  a  very  regular  and  considerable  volcanic  mountain^ 
of  which  the  outer  slopes  and  the  beds  that  compose  them  on 
aU  sides  are  incUned  with  much  uniformity  from  the  upper 
rim  of  the  great  crater  to  the  plain  around^  on  every  side  but 
the  norths  where  two  considerable  bosses  of  trachyte  project 
from  the  principal  mass^  called  Monte  di  Viterbo  and  Monte 
Soriano.  The  lavas  produced  by  this  volcano  are  chiefly  tra- 
chytic.     They  are  accompanied  by  their  proper  tuffs. 

Bolsena. — ^At  a  short  distance  further  norths  the  oval  lake- 
basin  of  Bolsena  is  surrounded  by  low  hills  composed  of  a 
stratified  conglomerate  of  scorise  and  lapillo^  alternating  with 
beds  of  basalt.  Upon  one  of  these^  which  forms  the  steep 
northern  ridge  of  the  basin,  stands  the  post-town  of  Acqua- 
pendente.  The  basalt,  which  is  leucitic,  rests  here  upon  tuff, 
and  seems  to  have  flowed  down  the  slopes  of  the  hill  towards 
the  river  Paglia.  At  Civita  Castelletto  and  Borghetto  are  other 
beds  of  very  cellular  leucitic  lava,  the  vesicles  and  the  leucite- 
crystals  likewise  being  elongated  in  the  direction  of  the  cur- 
rent,— a  clear  proof  that  the  latter  were  in  course  of  formation 
before  the  lava  had  ceased  to  flow,  and  were  broken  up  and 
dragged  out  into  stripes  by  the  movement.  The  lake  of  Bolsena 
is  so  lai^,  measuring  twelve  miles  in  diameter,  that  it  is  with 
some  hesitation  I  venture  to  class  it  among  the  wide  saucer^ 
like  craters  of  eruption,  of  which  the  western  slopes  of  the 
Apennines  have  already  afforded  us  several  examples  on  a 
smaller  scale. 

Some  miles  further  north,  the  town  of  BadicofSuii  (another 
post  on  the  high-road  from  Florence  to  Rome)  stands  upon 
a  massive  bed  of  lava,  at  an  elevation  of  2470  feet  above 
the  sea.  The  rock  is  a  dark  greystone  or  basalt,  containing 
crystals  of  quartz.  It  is  columnar,  heavy,  dense,  and  crystal- 
line in  the  lower  part,  but  in  the  upper  scoriaceous — indeed, 
so  extremely  cellular  as  to  cut  with  a  hatchet  almost  like  a 
honeycomb,  the  partings  of  the  cells  being  very  thin  and 
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brittle^  and  the  mass  so  ligbt  as  to  float,  like  pumice,  upon 
water.  The  eruption  of  Radieofani  broke  out  upon  the  slope 
of  the  adjoining  still  higher  eminence,  the  Monte  Andata, 
of  which  it  terminates  one  of  the  embranchments.  It  ap- 
peared to  me  that  the  leucitic  lavas  and  tufis  of  Acquapen- 
dente  had  once  a  connexion  with  the  heights  of  Radieofani. 
Though  now  separated  by  subsequent  denudation,  the  interval 
is  strewed  over  with  blocks  of  basalt. 

The  lavas  of  Monte  Amiata  itself  are  trachytic.  It  consti- 
tutes indeed  a  considerable  trachytic  volcano,  of  an  early  date, 
having  been  greatly  eaten  into  by  aqueous  erosion  since  these 
lavas  were  produced  by  it.  The  upper  portion  of  the  moun- 
tain is  thickly  clothed  with  forest;  but  a 'range  of  abrupt 
cliffs,  almost  encircling  it,  marks  the  level  at  which  the  cur- 
rents of  trachytic  lava  terminate,  and  the  subjacent  Sub- 
apennine  clays  and  marls  crop  out  from  under  them.  This 
cliff-range  passes  immediately  above  the  villages  of  Pian  Cas- 
tagnaio  and  Santa  Fiora. 

The  Monte  Amiata  is  the  most  northern  point  at  which 
any  volcanic  rocks  show  themselves  to  the  west  of  the  Apen- 
nines. There  are,  however,  several  hot-springs  on  the  con- 
tinuation of  the  same  line,  both  at  San  Filippo  in  Tuscany, 
and  in  the  Lagune  of  Volterra,  which  may  owe  their  phe- 
nomena to  the  same  principal  subterranean  N.N.E.-S.S.W. 
fissure  from  which  the  various  eruptive  vents  just  described 
were  produced.  And,  indeed,  the  large  formation  of  travertin 
(calcareous  tufa)  which  covers  a  very  considerable  area  of 
Western  Tuscany  in  the  Maremma  may  be  considered  as 
originating  in  the  same  volcanic  source,  as  no  doubt  was  the 
case  with  the  equally  large  similar  deposits  of  the  Roman 
Campagna. 

With  regard  to  the  age  of  the  volcanic  products  north  of 
Rome,  there  can  be  no  doubt  of  their  being  more  recent  than 
the  latest  Subapennine  clays  and  marls  of  the  Pliocene  period. 
Some  of  the  tuffs,  which  appear  to  have  been  distributed  under 
water,  may  yet  have  been  formed,  like  the  contemporary  tra- 
vertins, with  which  they  are  often  associated,  in  freshwater 
lakes  or  marshes,  or  spread  over  subaerial  surfaces  by  floods 
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or  mud-eruptions.  But  as  on  the  western  coast,  north  of 
Civita  Vecchia,  hills  300  feet  in  height  are  composed  of  Post- 
pliocene  shells  mingled  with  volcanic  debris,  it  is  evident  that 
the  whole  district  must  have  partaken  to  a  considerable  degree 
in  the  general  elevatory  movements  which  raised  the  more 
southern  shores  of  the  Peninsula  above  the  sea-level;  and 
eruptions,  both  subaerial  and  subaqueous,  probably  accom- 
panied that  elevation,  through  a  large  portion  of  the  Post- 
pliocene,  and,  as  in  the  Neapolitan  district,  of  the  more  recent 
period  during  which  man  has  inhabited  the  country. 

Volcanic  rocks  belonging  to  a  much  earlier  geological 
age  are  associated  on  several  points  with  the  Apennine  lime- 
stone. Between  Bologna  and  Florence,  for  example,  as  well 
as  in  the  Duchy  of  Parma,  its  strata  have  been  pierced,  over- 
flowed, and  altered  by  eruptions  of  greenstone,  passing  into 
serpentine,  jasper-breccia,  and  diallage-rock  near  the  junction 
with  the  limestone,  which  for  some  distance  is  also  darkened 
in  colour,  rendered  crystalline  and  dolomitic.  This  probably 
occurred  contemporaneously  with  the  deposit  of  the  limestone 
(Jura). 

Again,  the  limestone  of  the  Gulf  of  Spezia  and  Carrara 
Mountains  and  that  of  the  Bocchetta  (Val  del  Polcevera)  have 
been  invaded  by  protrusions  of  steatitic  rock,  diallage,  ser- 
pentine, jade,  and  greenstone  (granitone),  all  passing  into  each 
other  as  well  as  into  the  limestone,  which  to  great  distances 
is  often  rendered  crystalline  and  occasionally  micaceous,  or 
changed  to  a  calcareous  slate. 

NORTHERN  ITALY. 

A  considerable  interval  separates  the  most  northern  volcanic 
rocks  of  Tuscany  and  the  Grenoese  Alps  from  those  found  be- 
yond the  Po  at  the  southern  foot  of  the  Alps. 

The  first  of  these  met  with  in  journeying  from  the  South 
are  the  group  of  the  Euganean  Hills,  near  Padua.  They  are 
isolated  from  the  Alpine  slopes,  and  consist  of  several  more  or 
less  connected  eminences  of  no  great  elevation,  the  product,  it 
would  seem,  of  numerous  submarine  eruptions  fix)m  as  many 
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vents  during  the  tertiary  period.     The  rocks  that  compose 
them  are  both  trachytic  and  basaltic ;  the  former^  howerer, 
being  most  abundant.     The  characteristic  variety  is  a  rock 
(locally  called  Masegna)  of  an  ash-grey  colour  and  uneven  frac- 
ture, very  like  the  rock  of  the  Puy  de  Sancy  (Mont  Dore),  or 
that  of  the  Drachenfels.     It  contains  numerous  crystals  of 
glassy  felspar,  sometimes  decomposed,  sometimes  fresh,  and 
occasionally  plates  or  '  nests  *  of  black  mica,  or  of  augite-cry- 
stals.    Other  rocks  are  compact,  with  a  waxy  lustre  and  glassy 
aspect,  resembling  homstone-porphyry.      Some  varieties  are 
cellular,  and  contain  infiltrations  of  quartz  and  chalcedony, 
like  the  millstone-trachyte  of  Hungary  and  Ponsa.     Others 
approach  to  pearlstone.   These  lava-rocks  are  accompanied,  as 
usual,  by  their  conglomerates,  more  or  less  stratiiBed.     Where 
the  trachyte  comes  in  contact  with  the  calcareous  strata  (of 
the  chalk  or  tertiary  ages)  through  which  they  have  been 
erupted,  these  latter  beds  are  hardened  and  rendered  semi- 
crystalline,  the  flinty  nodules  they  contain  being  reddened. 
Hot-springs  gush  out  from  several  points  of  the  hills,  seeming 
to  indicate  the  high  temperature  of  the  subjacent  matter  even 
in  the  present  day. 

The  Vicentine  HilU,  forming  the  neighbouring  lower  em- 
branchments of  the  Alps,  are  likewise  volcanic,  and  clearly 
of  Pliocene  age, — trap-dykes  penetrating  the  secondary  and 
tertiary  (Subapennine)  strata,  and  the  latter  alternating  with 
volcanic  conglomerates,  showing  the  eruptive  character  of 
the  district  during  the  deposition  of  these  strata.  The  lava- 
rocks  are  here  chiefly  basaltic,  but  sometimes  have  a  base  of 
claystone,  which  assumes  occasionally  a  vitreous  texture.  Near 
Schio  it  is  metalliferous,  being  penetrated  by  veins  containing 
lead-ore  and  arsenical  pyrites,  associated  with  manganese, 
quartz-crystals,  calcareous  spar,  and  sulphate  of  barytes.  It 
is  in  parts  'cellular  or  amygdaloidal,  the  cells  being  filled  with 
a  variety  of  zeolites.  In  some  cases  the  calcareous  matter  is 
so  mixed  up  with  the  basaltic,  that  it  is  difficiilt  to  say  whether 
the  rock  should  be  classed  as  a  basalt,  a  limestone,  or  a  pepe- 
rino.  Shells  of  the  Pliocene  age  are  often  enclosed  in  this 
impure  calcareo-basaltic  tuff;  as  well  as  fish  in  vast  numbers 
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at  Monte  Bolca  and  some  other  localities^  where  thin  strata 
of  ichthyolitic  limestone  alternate  with  Yolcanic  tuff  and  ba- 
salt. The  evidently  sudden  destruction  and  remarkable  pre- 
servation of  these  fish  were  probably  due  to  the  heating  of  the 
sea- water  in  which  they  lived  by  a  submarine  eruption  of  lava., 
followed  by  their  immediate  entombment  in  the  layers  of 
calcareous  ash^  which^  upon  the  water  becoming  tranquil^  sank 
successively  to  the  bottom.  No  vestiges  occur  of  craters^  nor 
other  signs  of  subaerial  volcanic  action^  in  this  district^  with 
the  sole  exception  of  one  hill^  called  Montebello^  between 
Vicenza  and  Verona^  which  has  produced  a  current  of  recent- 
looking  lava. 

Other  rocks^  of  both  augitic  and  felspathic  porphyry^  some 
approaching  to  pitchstone-porphyry^  break  through  the  se- 
condary limestones  on  the  boilers  of  both  the  lakes  Lugano 
and  Como^  as  well  as  on  that  of  Maggiore,  near  Intra ;  and 
also  at  the  foot  of  the  Alps  of  Piedmont,  west  of  Arona. 
These,  however,  belong  to  an  earlier  age  than  the  tertiary 
lavas  of  the  Vicentine  and  Veronese. 

The  same  must  be  said  of  the  black  augitic  rocks  of  the  V al 
di  Fassa,  in  Tyrol,  which  are  remarkable  for  their  eruption 
having  apparently  accompanied  the  proximate  protrusion  of 
syenite  and  granite,  by  which  enormous  masses  of  limestone 
seem  to  have  been  elevated  in  colossal  pinnacles,  and  at  the 
same  time  impregnated  by  some  process  of  sublimation  with 
magnesia,  so  as  to  be  converted  into  crystalline  dolomite. 
The  granite  on  some  points  certainly  overlaps  the  limestone 
(of  cretaceous  age),  and  is  therefore  of  more  recent  origin. 
It  would  seem,  firom  the  disposition  of  these  rocky  masses, 
that  the  protrusion  of  the  syenite  and  granite  upheaved 
the  limestone  in  anticlinal  ridges,  while  the  augitic  lavas 
were  simultaneously  erupted  through  fissures  broken  across 
the  intervening  synclinal  axes.  This  would  accord  with 
the  views  advocated  in  the  body  of  this  work,  of  the  usual 
mode  of  production  of  these  two  classes  of  igneous  rocks. 
(See  p.  276.) 

I  return  to  the  coasts  of  the  Mediterranean. 

The  Balearic  Islands. — ^These  islands  form  so  evident  a 


358  VOLCANIC  FORMATIONS  OF  BUBOPE. 

continuation  of  an  elevated  range  connecting  Sardinia  ivith 
the  eastern  extremity  of  the  Spanish  Sierra  Morena^  that  we 
might  expect  to  find  traces  of  hypogene  rocks  penetrating 
them  in  that  direction ;  and^  in  fact^  an  axial  dyke  of  diorite 
(greenstone),  occasionally  amygdaloidal^  is  to  be  seen  in  the 
cliff-sections  of  the  northern  coast  of  the  lai^est  island,  Ma- 
jorca, penetrating  the  oolitic  and  cretaceous  strata  of  which 
this  part  of  the  island  is  chiefly  composed. 

The  group  of  islands  between  Majorca  and  the  Spanish 
coast,  called  the  Columbretes,  are  volcanic.  Captain  Smyth 
describes  the  largest  of  them  as  having  a  breached  crater,  and 
beds  of  trachytic  lava,  obsidian,  and  scoriae*. 

Spain  and  Portugal. — Passing  into  Spain,  we  find  this  vol- 
canic band  continued  along  the  coast- range  of  Valencia,  Mur- 
cia,  and  Andalusia,  from  Cape  St.  Martin,  through  the  district 
of  Cartagena,  to  Cape  de  Gata.  There  has  here  been  a  great 
development  of  trachyte  with  its  conglomerates,  from  which 
alimi  is  largely  extracted  near  Cartagena.  This  town,  and 
others  in  the  neighbourhood,  suffered  very  severely  from 
earthquakes  in  the  year  1829.  Several  very  recent-looking 
cinder-cones  with  craters  are  also  observable  on  parts  of  this 
coast,  and  to  the  distance  of  some  miles  inland.  One  very 
large  and  remarkable,  with  a  breached  crater,  is  described 
near  Orihuela.  Lava  has  flowed  from  these  vents  into  the 
existing  valleys.  The  promontory  called  Cape  de  Gata  is  a 
vast  mass  of  both  trachyte  and  basalt,  with  their  conglome- 
rates, and  would  seem  to  be  the  ruin  of  a  great  volcanic  moun- 
tain. Considerable  volcanic  formations  are  also  said  to  exist 
at  some  distance  inland,  on  the  northern  slope  of  the  Sierra 
Morena,  in  the  province  of  Ciudad  Real.  Still  further  west- 
ward, in  the  basin  of  the  Guadiana  and  the  province  of  Bada- 
jos,  occur  rocks  of  diallage  and  compact  felspar,  penetrating 
secondary  and  even  tertiary  strata.  Between  Malaga  and 
Gibraltar  some  eruptive  rocks  of  recent  aspect  are  also  ob- 
servable. 

Beyond  the  Straits  of  Gibraltar,  the  extreme  western  coast 
of  the  Peninsula  exhibits  volcanic  rocks,  hitherto  not  well 
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described^  at  Cape  St.  Vincent,  and  the  Sierra  Calderona,  or 
Caldron  Mountains,  believed  to  be  so  called  from  the  number 
of  craters  still  visible  there.  The  province  of  Beira,  according 
to  Dolomieu,  possesses  a  lofty  conical  volcanic  mountain,  with 
a  crater  at  the  summit,  called  Sierra  de  FEstrella;  and  at  the 
mouth  of  the  Tagus,  as  also  for  a  considerable  distance  along 
its  northern  shore,  vast  platforms  of  basalt  occur,  which,  how- 
ever, from  their  position  on  the  summit  of  the  hills,  must  have 
been  produced  by  eruptions  of  an  early  date.  It  may  be  that 
the  permanent  closing  of  these  vents  of  early  eruptive  activity 
has  given  occasion  to  the  fearful  earthquakes  to  which  this  coast 
has  been  subjected  in  later  periods. 

The  mountainous  coast-range  of  Northern  Spain  fix)m 
Corunna  to  Bayonne  is,  in  fact,  but  the  western  prolongation 
of  the  Pyrenees,  and,  like  that  elevated  chain  of  secondary 
and  tertiary  strata,  appears  to  have  been  penetrated  on  many 
points  by  massive  dykes  of  greenstone,  porphyry,  and  other 
early  varieties  of  trap.  In  the  province  of  Biscay,  north  of 
Bilbao,  trachytic  and  augitic  lavas  have  been  erupted  on  a 
large  scale.  The  trachyte  is  described  by  M.  CoUetta  as  often 
cellular,  white,  and  resembling  domite,  or  sometimes  clink- 
stone, occasionally  taking  a  vitreous  texture. 

The  most  recently  active  volcanic  district  of  the  whole 
Spanish  Peninsula  is  probably  to  be  found  in  the  basin  of  the 
Ebro  in  Catalonia,  where,  at  little  distance  from  the  southern 
foot  of  the  Pyrenees,  near  the  town  of  Olot,  rise  some  fourteen 
or  fifteen  cinder-cones  of  very  fresh  aspect,  though  there  is 
no  historical  record  of  their  activity.  Each  of  them  has  given 
birth  to  as  many  currents  of  basaltic  lava,  by  which  the 
valleys  were  evidently  filled  to  a  certain  height.  The  rivers 
have  since  excavated  new  channels  through  these  masses,  to 
the  depth  of  fix)m  40  to  100  feet,  exposing  the  structure  of 
their  interior.  The  scoriae  are  red,  and  as  fresh  in  appearance 
as  those  of  Etna.  The  stratified  rocks  through  which  the 
eruptions  burst  are  of  the  nmnmulitic  limestone  (Eocene)  and 
saliferous  red  sandstone.  Although  no  eruption  has  been 
recorded  in  this  district,  a  local  earthquake  laid  the  neighbour- 
ing town  of  Olot  in  ruins  in  the  year  1421,  whence  it  may  be 
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presumed  that  the  volcanic  focus  beneath  is  not  yet  wholly 
extinct.    (See  Lyell,  Principles,  vol.  iii.  p.  185.) 

The  northern  as  well  as  the  southern  flank  of  the  Pyrenees 
present  on  many  points  instances  of  trap-dykes  piercing  the 
secondary  and  tertiary  strata,  and  probably  belonging  to  an 
eruptive  era  coincident  with  the  elevation  of  this  massive 
moimtain-range. 

Further  eastwards,  along  the  South  coast  of  France,  some 
scattered  points  of  volcanic  eruption  are  met  with,  of  a  some- 
what recent  date,  as  between  Agde  and  Beziers,  where  a  well- 
preserved  cinder-cone  has  emitted  currents  of  basaltic  lava  in 
several  directions.  Another  instance  is  to  be  seen  in  the 
extinct  volcano  of  Beaulieu  near  Aix ;  and  no  less  than  seven 
different  points  of  eruption  are  found  in  the  department  of  the 
Var,  to  the  north  of  Antibes,  on  the  French  slope  of  the 
Maritime  Alps.  Trachytes  accompanied  by  their  conglome- 
rates appear  to  have  penetrated  the  nummulitic  strata,  and 
are  covered  in  turn  by  conglomerates  of  the  tertiary  age 
(Molasse).  At  B;Ougier8,  Ollioules,  La  Motte,  and  one  or 
two  other  insulated  points,  basaltic  lavas  have  been  erupted. 
At  the  last-named  place  there  is  to  be  seen  a  regular  breached 
crater-cone,  which  must  have  been  subaeriai,  and  compara- 
tively recent.  The  lava  of  the  volcano  of  Beaulieu,  in  the 
neighbouring  department  of  the  Bouches  du  Rhone,  is  basaltic, 
and  is  interbedded  with  strata  of  Miocene  freshwater  gyp- 
seous marls,  and  is  itself  covered  by  the  Molasse. 

At  no  great  distance  to  the  north,  and  almost  in  connexion 
with  those  last  described,  we  come  upon  scattered  links  of  the 
remarkable  chain  of  (extinct)  volcanic  vents  that  have  broken 
out  in  the  Cevennes  and  across  the  elevated  granitic  platform 
of  Central  France,  extending  northwards  nearly  to  the  parallel 
of  Moulins. 

Central  France. — ^This  remarkable  district,  perhaps  from  its 
facility  of  access,  has  been  often  spoken  of  as  a  type  of  volcanic 
formations.  And,  in  truth,  it  does  present  admirable  examples 
of  the  varieties  of  position,  structure,  and  mineral  character 
assumed  by  volcanic  rocks  in  other  parts  of  the  globe,  as  well 
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as  of  the  effects  of  time  and  exposure  to*  meteoric  influences 
upon  them.  I  have  so  fully  described  these  in  another  work 
(Yolcanos  of  Central  Prance,  2nd  ed.,  Murray,  1858),  that  I 
will  not  attempt  to  do  more  in  this  place  than  offer  to  my 
readers  a  very  brief  summary  of  the  general  facts. 

The  eruptions  which  gave  birth  to  these  volcanic  rocks  are 
remarkable  as  having  broken  out  from  an  elevated  boss  of 
granite-gneiss,  and  other  hypogene  crystalline  rocks,  which 
was  not  only  at  the  time  above  the  sea-level,  but  had  probably 
been  so  from  a  very  early  period,  since  no  traces  occur  within 
its  area  (nearly  as  large  as  Ireland)  of  any  later  marine  strata 
than  the  carboniferous, — and  those,  ind,eed,  confined  to  certain 
troughs,  which  seem  to  have  been  at  that  time  fiords  in  the 
granitic  island.  Several  depressions  in  this  area  were  also 
occupied  at  one  period  of  the  tertiary  era — not  earlier  than  the 
Miocene — by  freshwater  lakes,  from  which  was  deposited  a 
vast  amount  of  arenaceous  and  calcareous  matter — mostly 
finely  stratified  marls.  And  these  strata  are  in  part  inter- 
bedded  with  volcanic  ash  and  basalt,  showing  that  some  erup- 
tions had  taken  place  long  before  the  lakes  were  dried. 

The  points  of  eruption  are  distributed  along  two  lines— one 
directed  north  and  south,  and  ranging  across  the  entire  gra- 
nitic dome ;  another  branching  off  from  this  in  a  direction 
N.N.W.-S.S.E.,  which  is  identical  with  that  of  the  axis  of  the 
central  granite,  the  range  of  La  Margeride,  as  shown  in  the 
main  strike  of  its  laminae,  and  those  of  the  associated  gneiss 
and  crystalline  schists. 

The  volcanic  formations  consist  of  (I.)  four  principal  and 
separate  groups,  each  of  which  may  be  called  the  skeleton  of 
a  great  volcano,  or  habitual  vent  of  volcanic  matter  on  a  large 
scale ;  and  (II.)  the  products  of  one  long  train  of  isolated  vents 
traversing  the  whole  district ;  each  vent  having  been,  it  would 
seem,  but  once  in  eruption,  so  that  its  products  are  scarcely  at 
all  mingled  with  those  of  other  orifices. 

In  point  of  age,  some  of  the  latter  class  of  scattered  or  in- 
dependent vents  appear  to  have  been  in  eruption  as  early  as 
the  great  habitual  volcanos ;  some,  on  the  contrary,  at  a  much 
more  recent  period,  long  after  the  latter  had  become  extinct. 
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I.  The  great  habrtual  volcanos  severally  bear  the  names  of 
the  Mont  Dore,  the  Cantal^  the  Canton  d'Aubrac,  and  the 
Mezen. 

1.  The  Mont  Dore  is  a  mountain  mass  rising  in  its  highest 
peaks  more  than  6200  feet  above  the  sea.  These  nearly  en- 
circle two  wide  crater-like  chasms — ^the  upper  gorges  of  the 
principal  river-channels  by  which  it  is  drained ;  and  from  this 
ridgy  crest  the  flanks  of  the  mountain  slope  away  with  con- 
siderable regularity  on  all  sides  to  the  plains  beneath.  The 
ravines  that  intersect  the  slopes  afford  sections  showing  that 
its  mass  is  composed  of  beds  of  trachytic  and  basaltic  lavas 
alternating  with  their  respective  conglomerates,  and  dipping 
outwardly  with  the  usual  quaquaversal  inclination  parallel  to 
the  outer  slopes.  There  are  also  several  projecting  bosses  of 
trachyte,  especially  on  the  north  flank  of  the  mountain,  inter- 
rupting at  that  point  the  regularity  of  its  surface.  There  can 
be  no  doubt  of  the  alternation  of  the  trachytic  and  basaltic 
lavas  (see  p.  126,  supra) ;  but  the  first  are  uniformly  bulky  and 
thick,  and  have  not  flowed  far  from  the  central  heights.  The 
basaltic  currents,  on  the  contrary,  are  less  thick,  and  have 
flowed  nearly  in  all  directions  in  wide  sheets  to  distances  of 
twenty  miles  or  more.  The  trachyte  is  very  porphyritic,  the 
felspar-crystals  often  large  and  glassy.  Its  usual  type  re- 
sembles that  of  the  Drachenfels,  or  of  the  Euganean  HiUs. 
There  are  also  some  bulky  beds  and  detached  pyramidal 
masses  of  a  schistose  grey  stone  (clinkstone),  some  of  it  so 
fissile  as  to  be  used  for  roofing-slate.  The  basaltic  beds  vary 
much  in  mineral  character  and  aspect :  some  are  dense, 
black,  heavy,  and  fine-grained ;  others  iron-shot  and  cellular ; 
others  highly  crystalline  and  coarse-grained.  Many  should 
rather,  perhaps,  be  classed  as  greystone.  The  basalt,  though 
usually  prismatic,  is  rarely  very  columnar,  but  more  often 
tabular;  the  trachyte  sometimes  columnar  on  the  large  scale. 
The  conglomerates  are  various  in  character — some  loose,  and 
containing  blocks  of  all  sizes  and  sorts  of  lava-rock.  Others 
are  fine  arenaceous  tuffs,  often  laminated,  and  at  times  as 
white  as  chalk ;  frequently  stained  with  iron,  and  containing 
vegetable  remains,  trees  more  or  less  carbonized,  bones  of 
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animals,  &c.  These  conglomerates  seem  to  have  filled  up 
hollows  in  the  mountain-side,  and  extend  to  distances  of 
twenty  miles  or  more  in  vast  irregular  accumiilations.  The 
basaltic  conglomerates  are  often  mingled  with  the  trachytic 
fragmentary  matter  in  a  compact  ferruginous  peperino.  There 
are  no  cones  of  scorise  left  belonging  to  the  old  volcano,  nor 
other  indications  of  the  site  of  its  eruptive  vents,  except  some 
superficial  heaps  of  volcanic  bombs,  and  heavy  scoriform 
masses,  towards  the  upper  heights,  whence  the  basaltic  lavas 
were  no  doubt  poured,  but  from  which  all  the  more  friable 
scorise  have  long  since  disappeared  under  the  degrading  mete- 
oric influences  to  which  they  have  been  exposed.  Isolated 
eruptions  of  a  comparatively  recent  character  have,  however, 
taken  place  within  the  limits  of  the  area  of  the  Mont  Dore, 
which  properly  belong  to  the  second  class  of  scattered,  or  in- 
dependent eruptive  vents,  shortly  to  be  described. 

2.  The  Cantal  is  another  skeleton-volcano,  very  similar  in 
character  and  composition  to  the  Mont  Dore,  and  probably  of 
about  the  same  date,  since  it  has  been  equally  cut  up  by 
meteoric  denudation.     It  covers  about  four  times  the  area, 
although  none  of  its  central  peaks  rise  quite  as  high  as  those 
of  the  Mont  Dore.     The  difference,  however,  is  not  great,  the 
Plomb  du  Cantal  being  6100  feet  above  the  sea.    As  in  Mont 
Dore,  the  highest  peaks  embrace  a  vast  crater-like  hollow, 
from  the  middle  of  which  rises  a  pyramidal  eminence  of 
clinkstone.     This  was  probably  shot  up  as  a  dyke  in  a  semi- 
solid condition  within  banks  of  loose  conglomerate,  since 
worn  away.     The  environing  crests  are  in  part  trachyte,  in 
part  basalt.    The  highest  point,  the  Plomb  du  Cantal,  consists 
of  the  latter.     Thence,  as  in  the  Mont  Dore,  thick  beds  of 
both  kinds  of  lava-rock  descend  with  the  usual  inclination, 
steep  at  first,  and  gradually  diminishing  towards  the  base  of 
the  moimtain,  to  distances  of  twenty  and  thirty  miles.    These 
lava-beds  are  accompanied   and    enveloped    throughout  by 
massive  conglomerates,  which  form  even  a  larger  portion  of 
the  bulk  of  this  mountain  than  in  the  case  of  the  Mont  Dore. 
Their  sections  are  seen  on  both  sides  of  the  many  deep,  and, 
in  some  cases,  wide,  valleys  which  radiate  from  the  central 
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heights.  The  conglomerate  is  of  very  mixed  character :  in 
some  places  a  felspathic  or  pumiceous  tuff^  in  others  a  ferru- 
ginous peperino ;  sometimes  compact  enough  for  a  building- 
stone  ;  at  others  loose  and  sandy,  enclosing  bouldered  blocks  of 
trachyte  and  basalt^  or  pimiice  and  scoriae.  Within  the  limits 
of  the  fireshwater  basin  there  has  been  an  intermixture  of  cal- 
careous matter  with  the  ash  and  basalt^  showing  that  the  lake 
still  existed  and  deposited  sediment  when  some  at  least  of  the 
eruptions  of  the  volcano  were  taking  place.  On  many  points 
the  tuff  contains  lignite-beds  in  sufficient  abimdance  to  be 
employed  as  fuel.  The  emission  of  trachyte  appears  in  this 
mountain  to  have  preceded  that  of  basaltic  lavas^  since  currents 
of  the  latter  surmount  the  former  throughout  the  extended 
area  it  occupies.  And  this  order  is,  I  believe,  here  never 
reversed.  Vast  high  platforms  of  basalt,  covered  with  a  coarse 
herbage,  are  spread  over  the  lower  slopes  of  the  mountain  in 
dreary  sameness,  especially  towards  the  east.  Wherever  they 
are  cut  through  by  torrents,  they  exhibit  repeated  and  bulky 
beds  of  columnar  basalt,  with  scoriae-conglomerates  separating 
them.  The  columnar  configuration  is  sometimes  (as  at  Murat) 
wonderfully  regular,  the  columns  reaching  a  length  of  150 
feet ;  some  measuring  50  feet  without  a  joint,  though  but  8  or 
10  inches  in  diameter.  Except  within  the  limits  of  the  fresh- 
water basin,  which  is  not  extensive,  the  granite  crops  out 
from  beneath  the  volcanic  rocks  wherever  the  valleys  are  exca- 
vated deeply  enough  to  pierce  these  through.  But  the  mass 
of  volcanic  rocks  towards  the  centre  of  the  mountain  must  be 
from  1000  to  1500  feet  in  thickness. 

8.  Canton  d*Aubrac, — South  of  the  Cantal,  at  a  distance  of 
about  thirty  miles  from  its  smnmit,  rises  another  but  smaller 
group  of  basaltic  plateaux  near  La  GuioUe,  between  the  val- 
leys of  the  Lot  and  the  Truyere.  These  lavas  are  the  product 
of  another  separate  habitual  vent  or  cluster  of  vents.  They 
rest  uniformly  on  granite,  capping  the  highest  eminences,  and 
belong  therefore  to  an  early  period.  I  have  not  visited  them ; 
nor  do  I  believe  they  have  ever  been  thoroughly  examined. 

4.  The  Mezen. — ^The  mountain  region  called  the  Mezen,  in 
which  the  river  Loire  has  its  source,  constitutes  the  fourth 
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and  most  southern  great  volcanic  mass  of  Central  France. 
Its  highest  point  is  5820  feet  above  the  sea^  and  is  composed 
of  clinkstone,  as  are  all  the  other  principal  eminences  about 
the  central  one,  which  has  specially  the  name  of  Mezen. 
There  is,  indeed,  scarcely  any  trachyte  in  this  district  which 
is  not  more  or  less  schistose,  and  therefore  to  be  ranked  as 
clinkstone,  though  some  of  the  varieties  are  almost  white,  and 
contain  very  little  augite.     In  the  immediate  vicinity  of  the 
Mezen,  a  semicircular  basin  with  scoriform  and  cellular  banks 
is  probably  a  late-formed  crater.     Thence  radiate  several  ele- 
vated embranchments  or  strings  of  conoidal  hills  of  clink- 
stone, more  or  less  degraded.     These  are  either  the  remnants 
of  several  massive  currents  which  have  been  worn  down  at 
intervals  where  the  substance  was  most  friable,  or  the  pro- 
ducts of  as  many  separate  outbursts  of  this  peculiar  kind 
of  lava  from  different  openings  on  the  line  of  a  fissure  of 
eruption.    (See  p.  165,  supra.)     These  pyramidal  masses  of 
clinkstone  rise  from  500  to  1000  feet  above  their  bases; 
some  appear  to  rest  upon  basalt,  some  directly  on  the  gra- 
nite platform,  and  at  one  or  two  points  the  clinkstone  cer- 
tainly overlaps  the  freshwater  sands  and  marls  of  the  basin 
of  Le  Puy.     The  clinkstone  is  usually  variolitic — that  is, 
spotted  with  small  greenish  globular  concretions,  of  a  matter 
more  augitic  than  the  base,  which  is  almost  wholly  felspathic, 
scaly  in  texture,  and  semi-crystalline.     The  grain  is  often 
compact,  close,  and  fine ;  in  other  places  coarse,  and  resem- 
bling domite.     In  many  parts  it  is  considerably  decomposed, 
and  passes  into  a  greyish-white  powdery  earth,  almost  a  kao- 
lin.    The  heights  of  the  Mezen  have  also  given  birth  to  vast 
currents  of  basaltic  lava,  which  have  spread  in  different  direc- 
tions around,  chiefly  to  the  east  and  north.     One  massive 
embranchment  is  directed  to  the  S.E.,  and  reaches  nearly  to 
the  Rhone  at  Bochemaure.    It  is  not,  however,  quite  dear 
whether  this  vast  basaltic  plateau,  called  the  Coiron,  has  flowed 
as  a  current  from  the  Mezen,  or  has  been  erupted  from  dif- 
ferent vents  upon  a  line  of  fissure  in  that  direction.     The  £eu^ 
that  several  dykes  are  seen  piercing  the  gneiss  and  Jura  lime- 
stone (which  abuts  against  it  at  this  the  south-eastern  limit  of 
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the  granitic  platform),  and  in  connexion  with  the  overlying 
basalt,  seems  to  favour  the  latter  hypothesis,  as  well  as  the 
direction  of  this  basaltic  embranchment,  which  is  N.W,-S.E., 
and  therefore  coincident  with  that  of  the  train  of  independent 
volcanic  vents  I  am  about  to  describe.     The  Mezen  gronp^  on 
the  whole,  is  much  flatter  in  form  than  either  the  Cantal  or 
the  Mont  Dore,  and  therefore  has  less  of  the  character  of  a 
normal  volcanic  mountain.     In  point  of  age,  it  was  probably 
in  eruption  at  the  same  or  nearly  the  same  time  with  them, 
if  we  may  judge  from  the  similar  amount  of  degradation  which 
its  products  have  sustained,  and  their  partly  overlying  the 
freshwater  strata.     In  this  respect  the  great  mural  cliffs  of 
colunmar  basalt,  called  Palais  des  G^ans,  which  edge   the 
eastern  terminations  of  the  great  basaltic  platform  of  the  Coi- 
ron,  and  overhang  the  valley  of  the  Rhone  opposite  to  Monte- 
limart,  at  heights  of  700  or  800  feet,  are  worthy  of  notice,  as 
showing  that  the  whole  of  that  deep  and  wide  valley  must 
have  been  excavated  since  the  flowing  of  these  lava-streams. 
There  is  a  comparative  absence  of  conglomerates  in  the  Mezen ; 
though  probably  they  once  filled  several  vast  hollow  troughs  in 
the  freshwater  basin  of  Le  Puy  with  thick  beds  of  peperino,  of 
which  the  breccias  of  Denise,  Boche  Corneille,  &c.,  are  the 
remaining  fragments.    I  am  inclined  to  believe  that  the  erup- 
tion of  clinkstone  usually  takes  place  in  an  intumescent,  but 
semi-solid,  highly  pasty  mass,  unaccompanied  by  much  of  aeri- 
form explosions,  or  the  ejection  of  scoriae  in  any  abundance. 
The  scorise  of  lavas  so  very  felspathic  as  the  clinkstone  of  the 
Mezen  should  be  pumice ;  but  this  substance  is  rarely  found 
throughout  the  entire  district. 

II.  Independent  vents  of  eruption. — Besides  the  great  vol- 
canic mountains  already  described,  there  have  been  eruptions 
from  time  to  time  throughout  this  entire  district  from  several 
hundred  separate  points  upon  a  broad  linear  band  directed 
nearly  north  and  south.  The  earliest  of  these  were  probably 
coeval  with  the  activity  of  the  greater  vents,  since  their 
cinder-cones  have  equally  disappeared  for  the  most  part,  and 
the  basaltic  lavas  they  poured  out  form  elevated  plateaux  fiur 
above  the  level  of  the  existing  valleys.     Some  certainly  brcdLe 
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out  before  the  freshwater  lakes  were  drained,  as  is  shown  by 
the  occasional  intimate  mixture  of  their  lavas  and  lapillo  with 
the  marly  sediment,  evidently  at  the  time  in  a  state  of  soft 
mud,  into  a  calcareous  peperino,  as  well  as  by  the  alt«matioir, 
in  some  cases,  of  basalt  with  the  limestone  beds.  Other  lavas 
have  broken  out  on  the  high  granite  platform,  and  sAet 
flooding  its  slopes,  continued  their  course  over  the  freshwater 
formation,  at  what  must  then  have  been  the  lowest  levels  of 
its  surface,  but  which  now,  from  the  subsequent  excavation 
of  valleys  in  the  unprotected  portions  of  the  formation  on 
either  side,  form  high  and  flat  lava-topped  hills.  A  still 
more  recent  eruptive  period  threw  up  groups  and  strings 
of  very  regular  and  numerous  cinder-cones,  which  appear 
almost  as  fresh  as  some  of  the  most  recent  paraaitie  cones  of 
Etna;  manyof  them  breached  by  the  outburst  of  lava-streams, 
which  have  flowed  down  the  existing  valleys,  filling  them  to 
heights  often  of  a  hundred  feet  or  more,  for  distances  of 
several  miles.,  and  sometimes  giving  rise  to  lakes  by  damming 
up  their  water-channels. 


The  lower  portions  of  some  of  the  currents,  especially 
those  of  the  Vivarus  (the  most  southern  eruptive  points  of  the 
band),showcoliunnar  ranges, of  almost  arehitectural  regularity. 
The  lavas  of  these  independent  and  scattered  vents  are  chiefly 
basaltic.  Some,  however,  as  near  Volvic,  are  of  very  cellular 
greystone ;  and  among  the  range  of  cones  of  the  neighbour- 
hood of  Clermont,  four  or  five  bell-  or  dome-shaped  hills  of  a 
very  porous  trachyte  (called  Domite,  after  the  largest  and 
highest  of  the  whole  ran^,  the  celebrated  Puy  de  Ddme)  rise 
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out  of^  or  close  to,  decided  craters  within  as  many  unquestion- 
able emptive  cones,  composed  of  pumice,  scoriae,  ejected  blocks, 
and  ash.  These  trachytic  lavas  must  have  been  produced  in 
a  state  of  such  imperfect  fluidity  as  not  to  run,  but  to  accumu- 
late in  heaps  over  and  around  the  orifice  whence  they  were  pro- 
pelled. (See  p.  132  et  seq.,  supra.)  Several  lake-craters  occur 
among  the  vents  of  this  range — some  bored  through  granite, 
others  through  basalt  The  banks  of  scorise  and  lapillo  which 
surround  them,  though  not  heaped  up  into  any  considerable 
cone,  are  yet  in  sufficient  abundance  to  prove  the  hollow  to 
have  been  produced  by  explosions  fi*om  a  body  of  melted  and 
ebullient  lava  bursting  through  and  shattering  the  overlying 
rocks.  On  the  whole,  this  region  offers  an  admirable  field  of 
study  of  the  varied  mineral  character  and  disposition  of  the 
products  of  volcanic  action,  within  a  journey  of  a  day  or  two 
fix>m  Paris  or  London,  and  in  the  immediate  neighbourhood 
of  towns  affording  all  the  conveniences  of  civilized  life. 

Perhaps  the  most  valuable  lesson  that  its  physical  geo- 
graphy or  geological  features  teach,  is  the  enormous  amount 
of  slow  and  gradual  change  effected  in  the  relief  of  the  country 
during  the  time  its  volcanos  (all  unquestionably  subaerial) 
were  in  activity — changes  which  must  have  been  due  to  ordi- 
nary meteoric  agencies  (aided,  probably,  by  earthquakes),  not 
to  any  extraordinary  diluvian  floods, — the  varying  state  of  pre- 
servation of  the  several  cinder-cones,  and  the  varying  heights 
of  the  lava-currents  that  flowed  firom  them,  above  the  bottoms 
of  adjoining  valleys,  attesting  their  relative  ages  with  the 
fidelity  of  a  natural  chronometer.  For  a  more  detailed  de- 
scription of  this  most  interesting  volcanic  region,  I  refer  my 
readers  to  the  volume  already  mentioned. 

To  the  north  and  east  of  the  volcanic  district  last  described, 
the  mountain-range  of  gneiss-granite  which  divides  the  basins 
of  the  Upper  Loire  and  Rhone,  between  Vichy  and  Lyons, 
and  again  between  Nevers  and  Dijon,  has  been  broken  through 
by  considerable  eruptive  masses  of  red  and  black  porphyry. 
These  are  rather  to  be  considered  of  plutonic  than  of  volcanic 
character,  especially  since  they  have  dislocated  and  thrown  up 
to  the  surface  strata  of  Devonian  sandstone. 
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Rhine  Volcanos. — Eastward  of  this  occur  several  groups  of 
volcanic  rocks^  chiefly  of  an  early  (tertiary)  age.  The  most 
important  of  them  is  the  insulated  hill  called  the  Kaiser- 
stuhly  in  the  valley  of  the  Rhine^  near  Freyburg.  It  consists 
of  basaltic  masses^  often  having  a  scoriform  structure  on  the 
surface^  but  without  traces  of  craters.  They  appear  to  have 
been  erupted  on  the  spot  in  a  condition  of  imperfect  liquid- 
ity^ accompanied  by  the  explosive  ejection  of  fragmentary 
matters^  since  considerable  deposits  of  tuff  are  associated 
with  them.  Probably  this  was  once  a  considerable  vol- 
cano^ but  has  been  largely  denuded  in  the  long  series  of 
ages  which  have  elapsed  since  it  formed  an  island  in  the  ter- 
tiary ocean. 

The  Odenwald^  another  group  of  hills  near  Heidelberg, 
offers  the  remains  of  another  site  of  volcanic  eruption  of  the 
same  age  and  character,  productive  of  augitic  lava-rocks,  with 
their  conglomerates. 

North  of  the  Lake  of  Constance  occurs  a  further  series  of 
similar  formations,  the  basalt  being  accompanied  by  and  pass- 
ing into  clinkstone ;  and  in  Wurtemberg  volcanic  rocks  of  the 
same  general  characters  are  met  with  in  a  large  number  of 
separate  localities. 

Volcanic  band  of  North  and  Central  Germany. — A  still 
more  remarkable  band  of  eruptive  sites,  at  present  to  all  ap- 
pearance extinct,  crosses  the  whole  of  Germany  in  an  east  and 
west  direction,  from  the  Prussian  provinces  on  the  left  bank 
of  the  Rhine,  through  the  Siebengebirge,  the  High  Wester- 
wald,  the  Yogdsgebirge,  the  Rhongebirge,  the  Meisner,  and 
the  Habichtswald*  It  runs  parallel  with  the  main  ridge  of 
the  Alps,  about  four  degrees  to  the  northward  of  it. 

Upper  and  Lower  Eifel. — ^The  eruptive  points  which  occur 
on  the  left  bank  of  the  Rhine  are  generally  known  as  those  of 
the  Upper  and  Lower  Eifel.  They  have  broken  through  the 
slate  of  the  Ardennes^  as  well  as  some  limestones  associated 
with  this,  of  Devonian  age.  No  more  recent  strata  showing 
themselves  in  this  district,  there  is  no  frirther  indication  of 
the  period  of  the  development  of  volcanic  energy,  other  than 
the  very  fresh  appearance  of  the  cones  of  ash  and  lava-streams 
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produced^  which  would  lead  to  the  impression  that  they  are  of 
very  recent  tertiary,  probably  of  Post-pliocene  date. 

I  visited  and  examined  these  districts  in  1825^  and  de- 
scribed them  in  a  paper  printed  in  the  *  Edinburgh  Journal  of 
Science'  for  June  1826,  from  which  I  take  the  bulk  of  the 
following  statements. 

1.  District  of  Andemach,  May  en,  and  the  Lower  EifeL — 
Upon  reaching  the  summit  of  the  steep  and  richly-cultivated 
slope  which,  near  Andemach,  forms  the  left  bank  of  the 
Rhine,  you  suddenly  find  yourself  in  a  rude  and  barren  coun- 
try, presenting  a  strong  contrast  to  the  soft  and  luxuriant 
scenery  you  have  left  behind,  and  consisting  of  an  elevated 
mountain  plateau  of  greywacke- slate,  across  which  the  deep 
valley  of  the  Rhine  appears  but  as  a  narrow  trough-shaped 
channel  which  the  eye  overlooks  entirely,  the  plateau  being 
continued  at  the  same  level  immediately  on  the  eastern  side 
of  that  river.  On  the  westward  the  general  level  rises  gradu- 
ally to  the  rugged  heights  of  the  Upper  Eifel,  and  it  is  also 
partially  broken  by  the  narrow  and  sinuous  goi^es  through 
which  a  few  tributary  streamlets  find  their  way  into  the  Rhine, 
and  still  more  so  by  a  number  of  isolated  hills  of  volcanic 
formation,  mostly  of  a  subcorneal  form,  with  which  the  sur- 
face of  the  plateau  is  irregularly  studded.  -Some  of  these 
hills  are  very  complete  volcanic  cones,  with  or  without  a  cen- 
tral funnel  or  crater ;  as  the  Hirschenberg,  near  Burg-briihl ; 
the  Bousenberg,  between  that  village  and  Olbui^ ;  the  Poter, 
Pellenberg  ;  and  lastly,  the  Camillenberg,  perhaps  the  highest 
and  largest  of  these  hills,  which  appears  to  rise  about  1000 
feet  above  the  level  of  the  surrounding  slate-plateau.  Others 
are  less  regular,  seeming  to  owe  their  want  of  symmetry  to 
their  being  thrown  up  on  an  uneven  surface,  as  the  steep  side 
of  a  valley.  Others  form  elongated  ridges,  composed  of  the 
mingled  products  of  three  or  four  neighbouring  volcanic  ori- 
fices :  such  are  the  hills  above  Nieder-nich. 

Many  have  regularly  funnel-shaped  craters;  others  are 
breached  on  one  side  by  the  subsequent  emission  of  a  lava- 
stream  ;  and  some  are  still  more  irregular,  and  appear  to  have 
suffered  more  or  less  destruction  from  the  mechanical  action 


THE  EIPEL ORIGIN  OF  TRASS.  371 

of  some  denuding  force  since  their  production.  All  these 
cones  of  every  kind  are  composed  wholly  of  loose  conglome- 
rate, or  volcanic  ash,  containing  nxunerous  fragments  of 
pumice,  of  a  phonolitic  lava,  of  slate  partly  calcined,  &c.  Thin 
beds  of  these  fragmentary  matters  also  occasionally  cover  the 
flat  parts  of  the  slate-platform  in  the  vicinity  of  the  cones,  or 
occupy  a  few  bosoming  hollows  in  the  slopes  of  its  valleys. 

Many  of  these  valleys  are  also  filled  to  a  considerable  height, 
often  to  more  than  half  their  total  depth,  with  indurated  tuff, 
called  in  the  dialect  of  the  country  Dukstein,  or  Trass,  of 
which  an  immense  quantity  is  quarried  on  nxmierous  points, 
and  carried  down  the  Rhine  into  Holland,  where  it  is  em- 
ployed to  form  a  cement  which  will  set  under  water.  The 
lower  part  is  the  most  compact,  and  hence  is  preferred  by 
the  quarrymen.  It  becomes  gradually  arenaceous  towards 
the  upper  part  of  the  deposit.  This  tuff  resembles  extremely 
that  of  Capo  di  Monte  and  Posilipo,  near  Naples.  When 
freshly  quarried,  it  is  thoroughly  saturated  with  water,  which 
is  driven  out  by  every  blow  of  a  hammer  upon  it.  In  this 
state  it  is  of  a  dull  bluish-black  colour;  but  on  drying  it 
assume?  a  shade  of  light  grey.  It  appears  to  be  almost 
wholly  composed  of  fragmentary  pumice,  and  is  evidently  a 
conglomerate.  It  contains  also  fragments  of  a  slaty,  or  pho- 
nolitic, and  of  amorphous  basalt,  of  burnt  clay-slate,  and  a 
great  quantity  of  carbonized  wood,  not  in  fragments  or  beds, 
but  consisting  of  whole  trunks  or  branches,  which  penetrate 
the  rock  in  all  directions.  The  condition  of  this  wood  is  very 
nearly  that  of  common  charcoal;  but  it  pulverizes  more 
readily,  and  often  of  its  own  accord,  on  exposure.  In  the 
valley  of  Burg-briihl  the  trass  rests  sometimes  immediately  on 
the  slate ;  but  on  other  points  a  bed  of  calc-tuff  intervenes 
— the  deposit  of  some  mineral  spring  prior  to  the  formation 
of  the  trass.  A  similar  incrustation  occasionally  overlies  it, 
and  has  enveloped  fragments  of  pumice,  producing  a  calcareo- 
volcanic  tuff.  The  indurated  portion  is  sometimes  divided  into 
massive  beds  by  intervening  layers  of  loose  pumice  or  lapillo 
and  fragmentary  slate. 

On  ascending  the  valley  of  the  Briihl,  I  found  this  trass 
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deposit  occupying  it  to  a  great  depth  the  whole  way  firom  its 
embouchure  in  the  valley  of  the  Rhine,  up  to  the  foot  of  the 
Feitsberg,  one  of  the  hills  which  form  the  circumference  of  the 
lake  of  Laach;  fjx)m  whence  this,  as  well  as  many  other 
streams  (if  they  may  be  so  called)  of  tufif  are  derived. 

The  basin  of  the  lake  of  Laach  is  nearly  circular  and  cra- 
teriform,  encircled  by  a  ridge  of  gently-sloping  hills  of  no 
great  elevation.  They  are  composed  of  irregular  beds  of  loose 
tuff,  containing  nxmierous  fragments  and  some  very  large 
blocks  of  a  variety  of  lava-rocks.  Those  which  are  most 
abundant  are  of  a  basalt  with  very  large  and  regular  crystals 
of  black  augite,  and  of  olivine.  Fragments  also  occur  of  tra- 
chyte, sometimes  of  a  whitish-yellow  colour  aud  couchoidal 
fracture;  at  others  of  a  coarse  grain,  consisting  solely  of 
crystals  of  glassy  felspar  and  hornblende.  Some  fragments 
are  also  found  similar  to  those  which  are  common  in  the  con- 
glomerates of  Somma,  composed  of  an  agglomeration  of 
crystals  of  mica,  nepheline,  meionite,  vesuvian,  and  other  rare 
minerals.  No  lava-rock  appears  in  place  within  the  interior 
of  the  basin ;  and  on  its  exterior,  the  only  rock  of  this  nature 
which  shows  itself  on  the  surface  in  the  form  of  a.  regular 
current  of  lava  is  that  in  which  the  millstone-quarries  of 
Niedermennig  are  worked.  This  stream  certainly  flowed 
fr*om  the  crater  of  Laach,  the  ridge  of  which  suffers  a  depres- 
sion on  that  side.  The  eruption  which  produced  it  was  pro- 
bably the  last,  not  only  of  this  particular  vent,  but  perhaps  of 
the  whole  district,  as  its  surface  has  an  air  of  great  freshness, 
and  is  not  yet  entirely  clothed  with  vegetation.  This  may 
have  been  the  eruption  recorded  by  Tacitus  (Annal.  lib.  xiii.) 
as  having  ravaged  the  country  of  the  Jutiones,  near  Cologne, 
in  the  reign  of  Nero.  The  rock  of  which  the  ciurent  con- 
sists is  greystone  verging  on  trachyte,  with  very  few  visible 
crystals  of  felspar  and  augite,  and  extremely  cellular^  the 
cavities  being  very  small  and  irregular.  It  is  divided  into 
rude  columns  at  the  lower  part  of  the  current,  which  is  much 
more  compact  than  the  upper,  but  still  cellular.  It  is  here  so 
hard  as  to  be  in  great  request  for  millstones,  which  are  ex- 
ported to  Holland  in  great  numbers,  and  from  thence  find 
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their  way  to  England.  It  envelopes  numerous  fragments  of 
quartz  (always  more  or  less  vitrified  and  cracked),  of  granite, 
and  other  problematical  rocks  like  those  described  above  as 
occurring  in  the  conglomerate,  crystals  of  lazulite,  &c. 

The  origin  of  the  trass  has  been  variously  accounted  for, 
but  appears  to  me  to  be  derived  simply  from  an  ordinary 
modification  of  the  volcanic  phenomena.  The  pulverulent 
matter,  of  which  it  was  principally  composed,  mixes  into  a 
retentive  paste  or  clay  with  water, — so  much  so,  indeed,  as  to 
be  used  for  making  pottery  where  it  is  found  in  a  loose 
state.  In  this  state  it  was  ejected  by  the  volcano,  and  thrown 
up  as  usual  into  a  circular  or  elliptical  ridge  aroimd  the 
orifice.  The  rain,  which  falls  generally  in  great  abundance 
after  the  termination  of  an  eruption,  mixed  with  these  tra- 
chytic  ashes,  must  often  have  formed  an  impermeable  crust 
at  the  bottom  and  upon  the  sides  of  this  cavity.  Hence  the 
water  that  drains  down  these  slopes  would  accumulate  into  a 
lake  continually  increasing  in  depth,  until  either  the  pressure 
of  its  waters  broke  down  the  banks  on  some  one  side,  or  a 
fresh  eruption  from  below  displaced  it.  In  either  case,  a 
breach  being  made  in  the  circumference  of  the  crater,  the 
contents  of  the  lake  must  have  rushed  out  in  a  violent  debacle j 
carrying  off  great  quantities  of  the  fragmentary  matter  of  the 
hills  through  which  the  water  burst,  and  filling  with  these 
alluvial  deposits  the  valleys  by  which  it  escaped  on  the  plains 
at  the  foot  of  the  volcano. 

This  process  may  have  been  many  times  repeated  from  the 
same  volcanic  orifice,  and  is  without  doubt  the  real  history  of 
the  trass  of  the  left  bank  of  the  Rhine.  Whether  the  mass 
hardened  afterwards,  or  remained  incoherent,  appears  to  have 
depended  chiefly  on  the  quality  of  the  ashes,  and  their  inti- 
mate commixture  with  the  water.  This  induration  is  evi- 
dently a  chemical  process,  analogous  to  the  setting  of  cements 
and  mortars.  The  mud-eruptions  [tepetate)  of  Quito  and 
the  tuffs  of  Iceland  are  produced  by  the  same  train  of  cir- 
cumstances in  the  present  day.  With  regard  to  the  trass  of 
Laach  and  its  vicinity,  this  explanation  is  peculiarly  appli- 
cable ;  and  the  lake  would,  even  at  this  day,  be  subject  to  rise 
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until  it  burst  its  bauk,  but  for  an  artificial  channel^  or  emis- 
sary, cut  for  its  drainage  by  the  monks  of  the  abbey  of  Laacb, 
a  picturesque  ruin  which  stands  on  its  western  side.  Currents 
of  liquid  tuff  appear  to  have  been  discharged  in  this  manner 
from  many  points  of  the  circumference  of  the  lake.  Those 
that  issu^  on  the  eastern  side  occupied  the  valleys  of  the 
Briihl  and  other  streams  which  empty  themselves  into  the 
Rhine;  the  remainder  inundated  the  slate-plateau  iu  the 
direction  of  Niedermennig,  Bell,  Olburg,  and  Kruft^  and 
covered  it  more  or  less  with  beds  of  compact  tuff,  which  alter- 
nate with  others  of  similar  composition,  but  loose  and  inco- 
herent, probably  derived  fix)m  the  fragmentary  ejections  of 
the  neighbouring  vents. 

A  cavern  within  the  basin  of  the  lake  of  Laach  gives  out  a 
considerable  volume  of  carbonic  acid  gas,  presenting  all  the 
phenomena  of  the  Grotta  del  Cane.  There  are  also  many 
mineral  springs  in  the  vicinity,  as  at  Tonigstein,  and  near  the 
Briihl,  strongly  impregnated  with  the  same  gas,  which  is 
usually  the  latest  product  of  an  otherwise  extinct  volcano. 

At  some  distance  from  Laach,  towards  the  south-west,  and 
between  the  villages  of  Bell  and  Mayen,  rises  another  group 
of  cones,  containing  two  or  three  irregular  crateriform  basins, 
from  which  different  mud-streams  appear  to  have  flowed, 
covering  the  slate-plateau  in  their  neighbourhood  with  their 
deposits.  These  volcanic  vents  differ,  however,  from  that  of 
Laach  in  having  produced  leucitic  lavas,  and  consequently 
their  conglomerates  are  of  a  different  character,  resembling 
exactly  the  peperino  of  Monte  Albano.  Such  is  the  rock 
quarried  near  Bell,  and  called  Bakofensttin,  It  is  in  request 
for  lining  ovens,  from  its  capacity  of  resistance  to  fire,  which  it 
owes  to  its  being  almost  wholly  composed  of  leucite  in  a  frag- 
mentary state.  It  encloses  many  small  white  farinaceous  leu- 
cites,  fragments  and  blocks  of  leucitic  lava,  of  burnt  clay-slate, 
and  large  broken  plates  of  mica. 

The  leucitic  phonolite  spoken  of  by  Keferstein  as  existing 
in  massive  beds  near  Beiden  and  Meyr,  is,  I  presume,  (Jprived 
from  this  system  of  vents. 

Further  to  the  south,  and  near  the  village  of  Kruft,  rise 
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three  other  smaller  cones,  covered  with  vegetation,  and  with 
faint  traces  only  of  craters.  Other  cones,  and  some  of  a  large 
size,  are  visible  to  the  westward  of  Olburg,  but  my  time  did 
not  permit  me  to  examine  them  in  detail.  On  the  whole,  the 
volcanic  products  of  Andemach  and  the  Upper  Eifel  seemed 
to  me  to  bear  the  greatest  analogy  to  those  of  Italy,  particu- 
larly of  the  Campagna  di  Roma.  Theirpoiuts  on  which  they 
differ  are  the  result  of  the  former  volcanos  having  broke  forth 
on  a  high  and  dry  slate-plateau,  the  latter  firom  a  submarine 
alluvial  shore.  In  both  these  districts,  as  well  as  in  the  Campi 
Phlegrsei^  it  is  remarkable  that  the  same,  or  at  least  very 
neighbouring  vents  have  produced  trachytic,  greystone,  leuciiic, 
and  basaltic  lavas,  with  their  appropriate  tuffs. 

2.  District  of  the  Upper  Eif el. — The  group  of  volcanic  vents 
which  occupies  this  district  is  in  immediate  contact  with  that 
of  Laach  and  the  Lower  Eifel,  though  the  points  on  which 
eruptions  have  taken  place  are  rather  more  thickly  sown 
towards  the  western  limit,  particularly  along  the  course  of  the 
river  Kyll,  than  at  its  eastern  extremity.  The  epoch  of  their 
activity  appears  also  to  be  equally  recent,  dating  at  least 
since  the  formation  of  all  the  valleys  of  the  country,  into 
which  their  lava-streams  have  invariably  flowed,  usurping  the 
beds  of  the  rivulets,  which  in  but  a  very  few  instances  seem  to 
have  had  force  or  time  enough  to  excavate  a  new  channel  to 
any  depth  below  the  level  of  their  former  one.  Indeed,  such 
is  the  freshness  of  aspect  which  many  of  the  volcanic  rocks  of 
this  district  exhibit,  that  it  requires  the  silence  of  all  historical 
records  on  the  subject  to  persuade  us  they  have  not  been 
produced  within  the  last  2000  years.  Nor  is  such  evidence, 
indeed,  at  all  conclusive.  It  is  probable  that  accounts  of 
phenomena  of  this  kind  would  rarely  reach  the  meridian  of 
Rome  firom  distant  and  barbarous  districts,  unless  when  they 
were  of  a  most  destructive  and  terrific  character,  such  perhaps 
as  that  spoken  of  by  Tacitus,  and  mentioned  in  a  former  page  \ 
and  if  any  such  occurred  during  the  middle  ages,  all  tradi- 
tionary account  of  them  may  well  be  supposed  to  have  perished 
with  so  much  of  other  and  more  valuable  information. 

The  volcanic  eruptions  of   the  Upper  Eifel  have  burst 
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through  the  exposed  surface  of  the  slate-formation  on  many 
points^   and  on  others  through  masses  of  limestone  strata 
which  overlie  the  slate^  throughout  a  considerable  part   of 
this  district.     Some  of  the  vents  have  emitted  currents  of 
augitic  lava   (basalt) ;   others  have  confined  themselves   to 
the  discharge  of  fragmentary  matters.     The  latter  principally^ 
and  in  some  instances  almost  entirely^  consist  of  broken 
greywacke-slate  and  sandstone,  more  or  less  affected  by  heat^ 
and  pulverized.     It  is  probably  owing  to  the  clayey  nature 
of  these  fragments^  when  reduced  to  great  fineness^  that  the' 
craters  of  this  country  have  nearly,  without  exception,  be- 
come reservoirs  of  water,  or  Maare,  as  they  are  called  by  the 
natives.     Most  of  them  still  have  small  lakes  or  peat-marshes 
at  their  bottom.     Some  have  been  drained  for  the  sake  of 
cultivation ;  a  few  appear  to  have  undergone  the  same  process 
by  natural  means,  either  from  the  lake  rising  till  its  weight 
burst  through  the  banks  encircling  the  crater,  or  from  the 
slow  erosion  of  the  stream  by  which  it  discharged  itself.     In 
the  last  case,  the  sides  of  the  basin  are  cut  through  by  this 
natural  emissary,  as  is  seen  in  the  Meerfclder  and  the  Drieser 
Maare,  as  well  as  in  those  near  Strohn  and  Waldsdorf.    In  the 
other  case,  the  regularity  of  the  basin  has  been  more  or  less 
destroyed  by  the  bursting  of  its  banks,  and  considerable  de- 
posits of  trass,  or  rather  of  peperino,  have  been  formed,  evi- 
dently aggregated  by  means  of  water.     Examples  of  this  are 
met  with  in  the  remains  of  craters  near  StefiSer,  Schalken- 
mehren,  and  Rockeskill.     On  those  points  where  lava  has 
been  emitted  in  a  liquid  form,  a  regular  crater  is  rarely  to  be 
seen — at  least  at  the  source  of  the  lava-current.    There  are, 
however,  always  one  or  more  such  craters  in  the  vicinity, 
which  appear  to  have  produced  violent  aeriform  explosions, 
ejecting  scoriae  and  ashes,  while  the  lava  was  flowing  from 
the  neighbouring  orifice.    The  force  of  these  explosive  dis- 
charges of  confined  vapour  is  attested  by  the  great  size  and 
depth  of  the  cavities  thqy  have  hollowed  out  of  the  solid 
greywackc   strata.     That  of  Meerfeld,   for  instance  (one  of 
the  largest),  measures  above  500  feet  from  the  surface  of  the 
lake  (which  is  itself  150  feet  in  depth)  to  the  average  height 
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of  the  ridge  which  encircles  it,  and  its  diameter  can  &11  very 
little  short  of  a  mile.  The  quantity  of  fragmentary  ejections 
heaped  round  these  basins  is  not  at  all  proportionate  to  their 
extent.  The  greater  part  consists  of  slate  and  sandstone,  in 
pieces  of  every  size,  and  appearing  half-burnt,  probably  from 
having  fallen  repeatedly  upon  the  surface  of  lava  within  the 
vent  whence  the  explosions  of  steam  were  discharged. 

The  most  westerly  point  on  which  any  traces  of  volcanic 
eruption  are  met  with  is  Ormont,  where,  upon  the  wild  and 
elevated  plateau  of  alternating  slate  and  quartz-rock,  two  small 
cones  are  seen  to  rest.  They  are  in  contact  at  their  bases, 
and  have  neither  craters  nor  visible  lava-currents.  The  scoriae 
and  fragments  of  which  they  are  composed  are  basaltic,  with 
much  augite  and  large  plates  of  brown  mica.  Isolated  cry- 
stals and  pieces  of  augite  also  occur,  some  nearly  as  large 
as  the  fist. 

At  no  great  distance  to  the  east  of  Ormont,  the  slate-rocks 
are  overlapped  by  strata  of  sandstone,  inclined  at  a  high 
angle,  with  an  easterly  dip.  Resting  upon  these,  to  the  south  of 
the  village  of  StefSer,  rises  a  volcanic  cone,  composed  of  scoriae 
and  puzzolana,  partly  incoherent,  partly  compacted  into  a 
peperino.  StefiSer  is  built  on  strata  of  this  latter  kind,  which, 
however,  by  their  inclination  are  proved  to  have  been  depo- 
sited by  an  eluvial  torrent  descending  from  another  hill  N.E. 
of  the  village,  which  stiU  exhibits  a  large  circular  crater  on 
its  summit.  At  a  short  distance  on  the  S.E.  lies  a  small 
maaVy  or  crater-lake. 

The  village  of  Roth  is  built  on  a  current  of  basalt  derived 
from  the  cone  which  rises  above  it,  and  which  has  also  emitted 
a  considerable  mass  of  lava  towards  the  north  and  west.  A 
small  cavern,  the  mouth  of  a  deep  fissure  in  one  of  these  lava- 
currents,  half-way  up  the  side  of  the  cone,  is  noted  for  exhi- 
biting a  phenomenon  met  with  frequently  amongst  volcanic 
formations.  The  floor  of  this  grotto  was  paved  with  a  thick 
crust  of  ice  when  I  visited  it,  at  noon,  on  a  very  hot  day 
at  the  end  of  August.  During  the  summer,  the  peasants  of 
the  neighbourhood  say  it  is  always  found  there,  while  in  the 
winter  there  is  tione,  but,  on  lie  contrary,  that  the  shepherds 
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creep  into  the  cavern  for  warmth.  The  cave  is  probably  the 
mouth  of  one  of  those  arched  galleries  which  are  so  often 
found  under  currents  of  lava  in  Iceland^  Bourbon^  and  else- 
where. K  the  other  extremity  of  the  gallery  communicates 
with  the  open  air  at  a  much  lower  levels  for  instance  at  the 
foot  of  the  cone^  or  where  the  lava-stream  terminates  in  the 
plain  below,  a  current  of  air  must  be  continually  driven 
through  tliis  passage  from  the  lower  to  the  upper  extremity. 
In  its  passage  it  would  be  thoroughly  driedy  &om  the  ab- 
sorbent nature  of  the  rock  (which  is  perhaps  partly  owing  to 
the  sulphuric  or  muriatic  acids  it  contains) ;  and  the  evapo- 
rating cfifect  of  this  current  on  the  wet  floor  of  the  grotto 
from  which  it  issues,  moistened  by  some  superficial  rill,  will 
be  sufficient  to  coat  it  with  ice  in  summer, — since  the  more 
rarefied  by  heat  the  external  air,  the  more  rapid  will  be  the 
current  of  cool  dry  air,  and,  consequently,  the  evaporation. 
In  winter,  a  similar  draught  of  air,  though  less  rapid^  will  be 
produced,  and  taking  the  temperature  of  the  rocks  through 
which  it  passes  (which,  from  the  depth  of  the  gallery,  will  be 
about  the  mean  annual  temperature  of  that  climate),  must 
appear  warm,  compared  with  the  external  air,  to  the  shepherds 
who  seek  a  shelter  at  the  mouth  of  the  fissure. 

The  cone  of  Roth  connects  itself  with  a  smaller  ridgy  hill 
prolonged  towards  the  Kyll,  which  has  given  rise  to  three  or 
four  small  distinct  streams  of  basaltic  lava. 

On  approaching  the  Kyll  towards  Gerolstein,  the  traveller 
is  struck  by  the  appearance  of  an  elevated  plateau  formed  of 
limestone  in  horizontal  strata,  resting  on  the  sandstone,  and 
bounded  by  a  range  of  picturesque  and  craggy  clifls,  with  a 
talus  of  massive  debris  at  their  base.  From  the  surface  of  the 
plateau  rise  four  large  volcanic  cones,  besides  small  eminences 
of  a  similar  nature.  One  has  emitted  a  current  of  basalt, 
which  descends  the  steep  cliffs  of  limestone  in  a  sort  of  cascade, 
on  the  western  side,  occupies  a  small  bottom,  and,  winding 
round  the  base  of  the  range  of  rocks,  reaches  the  channel  of 
the  Kyll  at  Sarsdorf. 

The  two  lai'gcst  cones  of  this  plateau  lie  N.W.  of  Cassel- 
burg,  a  romantic  ruin  about  two  miles  N.  of  Gerolstein.    The 
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limestone  jof  Gcroktein  is  crystalline  and  dolomitic^  and  is 
considered  by  Yon  Buch  to  have  acquired  these  peculiar  cha- 
racters from  the  metamorphic  influences  of  the  volcanic  action 
by  which  it  has  been  evidently  penetrated  on  several  points^ 
as  seen  in  the  eruptions  of  lava  and  scoriae  that  have  taken 
place  through  it. 

Round  Rockeskill  there  are  traces  of  another  formation  of 
peperino  similar  to  that  of  StcfiSer,  and  appearing  to  have 
originated  in  the  hill  immediately  behind  that  village.  Fur- 
ther north,  the  Waldsdorfer  Kopf  is  a  very  regular  cone,  and 
at  its  foot  lies  a  crater-basin,  once  a  lake,  but  now  reduced 
to  a  peat-moss.  The  cone  has  emitted  one  of  the  largest 
currents  of  lava  of  this  district.  It  has  flowed  towards  the 
west,  and  reaches  nearly  to  HiUesheim. 

Amsberg  is  a  large  and  complete  cone,  which  has  also  pro- 
duced much  lava.  Eastward  of  Waldsdorf  lies  the  Drieser 
Maar — a  wide  crater,  which  has  been  artificially  drained, 
Masses  of  olivine,  often  of  three  or  four  pounds'  weight,  and 
as  large  as  a  man's  head,  are  found  in  the  fi^mcntary  strata 
wliich  form  the  sides  of  this  basin.  Part  of  this  encircling 
ridge  rises  into  a  high  cone  on  the  south-west ;  and  this  is 
again  connected  with  a  third  hill  above  Dochweiler,  which 
exhibits  a  well-characterized  crater  at  its  sumnit,  and  has  sent 
forth  powerful  streams  of  basaltic  lava.  The  road  from  hence 
to  Daim  leaves  on  the  right  three  or  four  considerable  cones 
near  Nerod  and  Steinbom.  They  consist  in  great  part  of  lava 
which  has  burst  from  their  summits  or  flanks,  and  flooded  the 
lowest  levels  of  the  surroimding  plain. 

On  the  east  of  Daun,  a  massive  and  elevated  bed  of  basalt^ 
bordered  by  abrupt  diff-sections,  in  which  a  rudely  columnar 
configuration  is  visible,  descends  towards  the  town  from  a 
higher  eminence  at  its  eastern  extremity,  which  is  composed 
of  scorise,  and  exhibits  vestiges  of  a  crater.  This  bears  the 
appearance  of  being  the  least  recent  of  all  the  volcanic  forma- 
tions of  the  neighbourhood. 

South  of  Daun  rises  a  group  of  hills,  which  appear,  as  one 
mounts  them,  to  be  solely  composed  of  grcywacke-slate,  and 
in  which,  consequently,  no  volcanic  appearance  could  be  anti- 
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cipated^  when,  on  reaching  the  summit,  the  traveller  suddenly 
finds  himself  on  the  edge  of  a  deep  circular  lake-basin^  evi- 
dently drilled  through  the  greywacke  by  repeated  and  power- 
ful discharges  of  subterranean  vapour.     There  are  three  of 
these  maare  strung  together  on  a  line,  in  a  N.  and  S.  direction, 
and  in  immediate  contact,  the  same  ridge  forming  the  barrier 
of  two  neighbouring  craters.     Tlie  fragments  of  which  the 
surrounding  slopes  are  formed  consist  chiefly  of  slate  partially 
calcined,  the  remainder  of  augitic  scoriae.     A  large  rock  of 
grcywacke-slate,  evidently  in  situ,  projects  fit)m  the  bottom  of 
one  of  these  basins.     The  water  in  the  three  lakes  appears  to 
stand  at  the  same  level,  and  they  probably  communicate  by 
means  of  some  fissures  in  the  intervening  rocks.     One  only, 
the  Schalkenmehrener  Maar,  has  any  visible  outlet,  and  there 
are  traces  of  trass-streams  in  that  direction. 

A  few  miles  farther  to  the  south,  the  Pulverraaar  of  Gillen- 
feld  is  met  with — a  magnificent  oval  basin,  presenting  exactly 
the  same  general  characters  as  those  just  described^  but  re- 
markable for  its  large  dimensions  and  extreme  regularity.  The 
ridge  of  fragmentary  matters  which  girds  it  in  is  without  a 
break,  and  nearly  everywhere  preserves  a  uniform  level  at 
about  150  feet  above  the  water  surface.  The  depth  of  the 
lake  is  above  300  feet ;  the  sides  slope  in  the  interior  at  an 
angle  of  about  45°,  on  the  exterior  of  85°.  Immediately  at 
the  foot  of  the  cone  of  the  Pulvermaar,  on  the  south  side, 
rises  a  hill  containing  a  much  smaller  crater,  with  a  peat-bog 
at  its  bottom. 

Still  farther  south,  between  the  callages  of  Strohn  and 
Trittscheid,  is  a  double  cone  of  large  dimensions.  It  has  two 
considerable  craters,  both  broken  down  towards  the  N.W. 
The  southernmost  is  large  and  circular,  and  bottomed  by  a 
morass.  The  other  has  produced  a  current  of  basaltic  lava, 
which,  after  forming  some  considerable  hummocks  in  a  N.W. 
direction,  turns  its  course  along  the  bed  of  the  neighbouring 
rivulet  to  the  S.W.,  and  occupies  its  channel  to  a  distance  of 
two  miles  or  more,  crossing  the  great  Coblentz  road. 

But,  unquestionably,  the  group  of  volcanic  vents  which  pre- 
sents the  greatest  interest  of  all  in  the  Eifel  district  is  the 
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Moseberg  near  Bettenfeld^  with  the  neighbouring  Meerfelder 
Maar.  The  Moseberg  is  one  of  the  highest  hills  of  the  whole 
country.  Its  base^  up  to  a  considerable  elevation  above  the  level 
of  the  plain  around^  consists  of  grey  wacke-slate  and  sandstone. 
Its  summit  is  formed  by  a  triple  volcanic  oone^  the  accumu- 
lated ejections  of  three  small  craters^  which  remain  very 
distinct.  Tlie  two  most  northerly  ones  are  entire^  and  reduced 
to  the  state  of  peat-marshes.  The  third  has  been  broken 
down  on  its  south-east  side  by  a  current  of  lava^  of  very  recent 
aspect^  which^  issuing  firom  the  breach^  descends  the  slope  of 
the  mountain  in  a  stony  floods  until  it  reaches  the  bed  of  a 
smaU  river  below. 

The  lava  and  scoriae  of  these  cones  have  enveloped  a  great 
quantity  of  half-fused  fragments  of  sandstone  and  slate.  The 
adjoining  circular  crater^  called  the  Meerfelder  Maar^  is  re- 
markable for  its  size  and  depth.  It  measures  nearly  a  mile  in 
diameter^  and  is  said  to  be  more  than  a  hundred  fathoms 
deep.  It  has  been  hollowed  out  of  both  the  Devonian  slate 
and  sandstone^  forming  the  north  base  of  the  Moseberg;  and 
the  steep  walls  which  encircle  it  exhibit  on  many  points  the 
abrupt  sections  of  these  rocks^  which  are  only  partially  covered 
by  a  sprinkling  of  ashes^  puzzolana^  pulverized  slate^  and  other 
fragmentary  matter.  The  bottom  of  this  cavity  is  occupied 
by  water  to  about  a  third  of  its  superficial  extent ;  the  re- 
mainder is  a  plain^  on  which  the  village  of  Meerfeld  is  seated. 

The  most  southerly  point  of  this  district  on  which  volcanic 
products  have  been  met  with  is  the  vicinity  of  the  baths  of 
Bertrich^  a  village  seated  at  the  bottom  of  the  deep  and  nar* 
row  mountain-gorge  of  the  river  Isbach,  which  flows  at  the 
distance  of  a  few  miles  into  the  Moselle. 

Here^  a  lava,  which  has  congealed  into  an  exceedingly  hard, 
tough^  and  compact  basalt,  full  of  crystals  of  olivine  and  au- 
gite,  appears  to  have  been  emitted  fit)m  clefts  in  the  grey- 
wacke,  on  three  or  four  neighbouring  points,  upon  the  very 
brink  of  the  steep  slope,  or  rather  precipice,  which  forms  the 
northern  flank  of  the  valley.  Very  few  aeriform  explosions 
seem  to  have  taken  place,  since  scarcely  any  scoriae  were 
ejected,  and  the  few  that  occur  lie  in  beds  upon  the  surface 
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of  the  lava,  around  its  three  principal  sources,  and  were 
therefore  thrown  up  after  its  emission.  At  each  of  these 
points  is  a  very  small  cone.  The  most  easterly,  called  the 
Facherhohe,  has  an  evident  crater  encircled  by  rocks  of  basalt 
covered  bv  scoria;.  From  hence  a  stream  of  basalt  may  be 
traced  uninterruptedly  into  the  bottom  of  the  valley  (which  is 
here  about  600  feet  in  depth),  faUing  in  a  sort  of  indurated 
cascade  over  the  almost  perpendicular  cli£fs  of  slate. 

The  next  cone,  called  Falkenley,  consists  of  a  mass  of  basalt 
covered  by  a  deep  bed  of  scoriae,  and  also  gives  rise  to  a  copious 
basaltic  current,  which  descends  into,  and  has  usurped,  the 
channel  of  the  Isbach  to  some  distance,  both  up  and  down 
the  stream.  The  third  point  of  eruption  presents  two  very 
low  and  small  cones,  formed  entirely  of  scoriform  basalt^  and 
appears  to  have  produced  a  current  of  no  great  magnitude, 
which  may  be  traced  at  least  part  of  the  way  down  the  nearest 
ravine  into  the  main  valley  below. 

The  exceeding  crispness  of  the  scoriae  of  this  locality,  parti- 
cularly of  the  Falkenley,  is  remarkable.  Fragments  of  both 
the  pebbly  and  slaty  beds  of  the  Devonian  strata,  partly  fused, 
and  graduating  on  these  parts  into  the  basalt,  are  enclosed 
in  great  abimdancc  by  this  scoriform  lava-rock. 

At  the  bottom  of  the  vallcv  it  becomes  evddent  that  the 
mountain-torrent  called  the  Isbach  has  cut  through  and  car- 
ried oflF  the  greater  part  of  the  basalt-streams  which  once 
filled  its  channel  to  a  considerable  height,  throughout  an  ex- 
tent of  more  than  a  mile  above,  and  rather  less  than  this 
below  the  village  of  Bertrich.  Patches  only  of  basalt  are  left 
now  on  either  side  of  the  present  bed  of  the  river,  and  most 
usually  in  the  concave  elljows  of  the  valley ;  but  some  of  these 
present  clififs  50  feet  in  height.  The  lower  part  of  these 
masses  of  basalt  is  regularly  columnar,  the  coliunns  being 
divided  by  frequent  joints,  from  6  inches  to  2  feet  apart. 
Where  they  have  been  long  exposed  to  erosion  from  the  tor- 
rent, the  angles  of  these  short  prisms  yielding  sooner  than  the 
nucleus,  the  columns  appear  to  be  formed  of  rude  and  flattened 
spheroids  piled  one  upon  another.  This  is,  in  short,  an  ex- 
ample of  the  columnar  divisionary  structure  passing  into  the 
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globular^  by  the  increase  of  the  number  of  joints.  An  arched 
passage^  which  goes  by  the  borrowed  name  of  Fingal's  Cave, 
or  the  Cheese-Cellar,  nearly  a  mile  above  Bertrich,  exhibits 
this  structure  in  the  most  perfect  manner.  It  has  evidently 
once  formed  the  channel  of  the  little  torrent  which  now  runs 
on  one  side  of  it,  and  which  has  thus  partly  worn  away  the 
colunms,  till  they  are  reduced  to  mere  piles  of  balls. 

The  eruptions  of  these  three  or  four  contiguous  vents  were 
no  doubt  simultaneous,  or  very  nearly  so.  .  The  lava-streams 
produced  by  them  can  with  difficulty  be  distinguished  fix)m 
each  other,  all  imiting  in  the  valley  below ;  and  the  basalt 
of  all  is  identical  in  mineral  character.  It  seems  probable 
that  the  thermal  springs  of  Bertrich-bad  owe  their  moderate 
warmth  to  having  percolated  through  some  mass  of  lava  not 
yet  quite  cooled  in  the  interior  of  the  schist-rocks,  occupying 
perhaps  the  prolongation  of  the  fissures  through  which  the 
lava-streams  were  expelled. 

There  occur  a  few  other  vents  in  the  vicinity  of  Ulmen, 
Kellberg,  Adenau,  and  Boos,  which  form  the  connecting  links 
between  this  district  and  that  of  Andemach.  Some  of  these 
I  did  not  visit ;  but  firom  those  which  I  saw,  as  well  as  from 
Steininger's  account  of  the  others,  they  appear  to  be  mere 
repetitions  of  the  least  interesting  of  the  cones  and  maare 
already  mentioned. 

Upon  the  whole,  though  the  vestiges  of  volcanic  pheno- 
mena to  be  observed  in  the  Prussian  provinces  on  this  side  of 
the  Rhine  offer,  without  doubt,  a  highly  interesting  field  of 
study  to  the  geologist,  yet  they  cannot  be  recommended  as 
types  of  volcanic  formations  to  those  who,  without  visiting 
other  more  distant  vents  of  subterranean  energy,  either  active 
or  extinct,  might  seek,  in  the  short  tour  between  Spa  and 
Coblentz,  to  acquire  a  general  knowledge  of  the  effects  of  this 
class  of  natural  agents.  They  are  far  less  instructive  than  the 
analogous  formations  of  Auvergne,  the  Yelay,  and  Yivarais, 
where  almost  every  possible  modification  of  the  volcanic  phe- 
nomena is  to  be  clearly  traced,  and  on  a  much  larger  scale. 
In  the  Rhine  districts  there  is  a  comparative  littleness,  and 
an  appearance  as  if  the  volcanic  energy  had  been  damped  and 
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impeded  by  the  mass  of  transition  and  secondary  strata  whici 
it  had  to  pierce,  and  perhaps  by  the  fragile  nature  of  the  grey 
wacke-slatc,  which,  shattered  and  pulverized  by  the  first  fe« 
aeriform  explosions  of  every  emption,  would  be  likely  to  accu- 
mulate in  great  volume  above  and  within  the  vent^  and  stifle 
its  further  activity.  They  are,  however,  well  worth  examina- 
tion ;  and  as  I  am  not  aware  of  any  other  equally  complete 
sketch  of  them,  I  hope  to  be  excused  for  having  reprinted  it 
here  in  such  detail. 

One  of  the  small  craters  of  the  Upper  Eifel,  not  yet  men- 
tioned, is  that  of  Rodderberg,  on  the  left  bank  of  the  Rhine, 
immediately  above  the  well-known  basaltic  rock  of  the  Ro- 
landsek.  The  crater,  like  so  many  others  in  the  neighbour- 
hood, has  been  excavated  through  highly  inclined  strata  of 
slate  and  quartz  conglomerate,  and  its  banks  are  strewed  with 
half-iused  fragments  of  these  rocks,  as  well  as  scoriae,  lapillo, 
ash,  and  numerous  volcanic  bombs.  The  basalt  of  Roland- 
sek  appears  to  be  so  intimately  connected  with  this  crater, 
that  I  believe  it  to  be  contemporaneous,  and  to  have  been 
emitted  from  the  same  vent  as  a  current  of  very  imperfectly 
liquid  lava  which  adhered  to  the  slope  of  the  hill,  much  as  a 
run  of  wax  or  tallow  adheres  to  the  side  of  a  '  guttering ' 
candle,  rapidly  coagulating  there  into  a  buttress-like  rock. 
It  is,  however,  not  impossible  that  it  may  have  extended 
some  way  across  the  channel  of  the  Rhine,  and  dammed  up 
its  waters  for  a  time,  the  impediment  having  been  since  re- 
moved by  their  erosive  agency. 

The  Siebengebirge, — On  the  right  bank  of  the  Rhine  rise 
these  seven  hills,  all  volcanic ;  the  Drachenfels  being  the  near- 
est to  the  river  and  most  conspicuous.  It  is  a  high  dyke-like 
mass  of  coarse-grained  trachyte,  containing  large  crystals  of 
glassy  felspar,  and  very  similar  to  the  trachyte  of  the  Mont 
Dore,  and  to  domite.  It  is  seen  to  overlie  the  Brown-coal 
formation,  and  is  therefore  probably  of  middle  tertiary  date. 
It  is  accompanied  by  a  pumice-conglomerate  not  unlike  the 
trass  of  the  opposite  side  of  the  Rhine.  In  its  partially  de- 
composed state  it  resembles  clay-stone,  and  is  employed, 
under  the  name  of  Bako/enstein,  as  a  fire-stone  for  the  lining 
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of  ovens^  &c.  The  other  hills  of  the  group  are  chiefly  ba- 
saltic ;  but  there  are^  iu  fact^  spots  where  the  one  class  of 
rock  passes  into  the  other.  The  lavas  of  the  Siebengebirge 
appear  to  have  been  protruded  in  a  condition  of  considerable 
conustency,  so  as  to  have  accumulated  into  knolls  or  dome- 
like hills  above  their  sources^  instead  of  flowing  as  currents^  or 
spreading  widely  as  plateaux^  after  the  manner  of  more  liquid 
lavas.  The  sur&ce  of  the  basaltic  lavas  appears  generally 
broken  up  by  retreat-fissures  into  a  rude  chaos  of  prismatic 
blocks^  more  or  less  cdlular.  There  are  no  traces  of  craters^ 
nor  any  cinder-cones  remaining  to  attest  the  site  of  the  aeri- 
form explosions  which  probably  accompanied  the  expulsion  of 
these  bulky  lava-masses.  The  contrast  is  indeed  remarkable 
between  the  general  character  of  the  development  of  volcanic 
energy  on  the  west  and  east  sides  of  the  Rhine.  In  the 
former^  ash-cones  and  craters^  the  result  of  aeriform  explo- 
sions^ are^  as  has  been  shown^  numerous ;  while  massive  lava- 
rocks^  on  the  contrary^  are  but  rarely  visible.  In  the  latter^ 
lavas^  both  trachytic  and  basaltic^  aboimd^  but  no  cone  or 
crater  is  to  be  seen.  The  difference  is  no  doubt  attributable 
chiefly^  but  perhaps  not  wholly,  to  the  greater  amoimt  of  denu- 
dation to  which  these  earlier  formations  have  been  exposed. 

The  Westerwald. — ^The  group  of  the  Siebengebirge  is  pro- 
longed^ and  its  characteristic  formations  repeated^  in  this 
extensive  range  of  volcanic  hills,  which  also  consist  partly  of 
trachyte  and  greystone,  but  chiefly  of  greenstone  and  basalt. 
These  rocks  form  overlying  masses,  and  dykes  penetrating 
secondary  strata.  They  are  accompanied  by  pumice  and  sconse 
conglomerates  and  trass.  At  its  eastern  extremity,  the  range 
of  the  Vogelsgebirge  continues  the  linear  train  of  vents,  in  a 
massive  group  of  basaltic  knolls  and  plateaux,  covering  an 
area  of  at  least  fifty  square  miles,  the  result  of  numerous 
repeated  eruptions  through  the  variegated  sandstone  (Trias), 
as  well  as  some  fireshwater  (Miocene)  beds,  outliers  of  the 
Mayence  formation.  The  erupted  rocks  have  here  partially  dis- 
turbed and  altered  the  strata.  Among  these  volcanic  masses, 
that  of  the  Munsierberg  is  conspicuous  for  its  magnitude. 
There  are  appearances  of  crater-lakes  in  this  district,  and  con- 
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■iderable  dqx>8its  of  scorise  and  Bsh,  the  latter  oocasioiially 
assuming  the  character  of  trass. 

Further  to  the  north  and  east,  on  the  borders  of  Bayarii 
and  Hessia,  occur  numerous  scattered  emmences  of  volcanic 
rock,  each  probably  the  site  of  an  independent  eruptive  vent 
One  of  these,  the  Meisner,  an  imposing  plateau  of  basalt,  over- 
lies the  brown-coal,  which  it  has  in  some  places  converted 
into  anthracite.  At  the  Blaue  Koppe  the  basalt  is  seen  to  rise 
through  the  Bunter  sandstone  in  massive  dykes.  Near  Cassd, 
a  lofty  mountain-ridge,  called  the  HabichUwald,  is  composed 
of  basalt,  scoriform  lava,  and  peperino,  resting  likewise  on 
brown-coal  and  the  calcareous  beds  of  the  freshwater  (Miocene) 
formation. 

Next  in  order  towards  the  east,  the  Khongebirge,  a  chain 
of  mountains  near  Fulda,  exhibits  considerable  masses  of 
basalt  and  clinkstone,  on  some  points  highly  scoriform,  in 
others  passing  into  pearlstone,  as  near  Cobui^.  The  volcanic 
action  appears  to  have  been  very  recently  developed  here, 
according  to  Professor  Leonhard.  In  the  Thuringerwald  much 
red  and  black  porphyry  has  been  thrust  up.  Again,  on  the 
north-east  of  Bohemia,  a  series  of  basaltic  cones  borders  the 
Flchtelgebhrge  from  Egra  to  Pashstein,  which  have  pierced  the 
Keuper  sandstone.  Some  of  these  rocks  are  of  early  date ;  but 
there  are  also  indications  of  very  recent  eruptions,  as  at  the 
Kammerberg,  near  Egra.  The  extremely  hot  springs  of  Carls- 
bad in  the  vicinity  indicate  that  volcanic  influence  is  still  active 
at  no  great  depth  beneath  the  surface. 

From  Egra  to  Toplitz,  and  thence  to  the  Biesengebirge  in 
Silesia,  another  chain  of  numerous  basaltic  and  clinkstone 
hills  extends  in  a  direction  nearly  parallel  to  that  of  the 
primary  range  of  the  Saxon  Erzgebii^.  Near  Toplitz,  basalt 
and  clinkstone  compose  a  series  of  lofty  hills,  and  are  accom- 
panied by  beds  of  tuff  alternating  with  tertiary  limestone. 
According  to  Ehrenberg,  a  crater-shaped  valley  is  seen  near 
Franzenbad  four  miles  in  diameter,  containing  a  small  central 
volcanic  cone  called  Kammerbuhl.  Scorise  and  cellular  lavas 
appear  abimdantly  in  the  Mittelgebirge,  where  they  contain 
leucite.     Eastward  of  the  Erzgebirge  occurs  another  range  of 


ERUPTIVE  RANGE  OP  GERMANY  AND  HUNGARY.   387 

basaltic  mountains^  described  by  Daubuisson^  chiefly  aiwnnn'ng 
the  form  of  high  plateaux^  resting  on  granite^  gneiss^  or  mica- 
schist.  One  of  these,  the  Stolpen,  has  long  been  noted  for 
the  great  r^ularity  of  its  columnar  structure.  This  is  the 
district  which  Werner  chiefly  studied,  and  from  which  he  im- 
bibed his  long  and  obstinately  maintained  doctrine  of  the  pre- 
cipitation of  basalt  from  an  aqueous  menstruum. 

Passing  from  Saxony  into  Lusatia,  we  find  the  range  of 
basaltic  eminences  continued,  with  occasional  interrals — on 
some  points  spreading  widely  in  flat  plateaux,  on  others  rising 
in  isolated  cones.  In  the  Riesengebirge,  basalt  based  on 
granite  reaches  a  height  of  466C  feet  above  the  sea.  Still 
further  eastward  a  series  of  basaltic  cones  extends  from  the 
Oder  at  Falkenburg  to  Troppau,  and  thence  to  Freudenthal  in 
Moravia;  near  which  place,  to  the  north  of  Olmiitz,  there 
are  indications  of  comparatively  recent  eruptions  in  a  hill 
called  the  Raudenberff,  where  basalt  and  red  and  black  scoriae 
appear  as  fresh  as  those  of  Vesuvius,  and  several  funnel-shaped 
cavities  are  considered  to  be  craters.  Further  east  still,  and 
near  the  frontier  of  Hungary}  at  Banow,  is  a  small  volcanic 
formation,  described  by  Dr.  Bone  as  a  cone  of  grey  clinkstone 
containing  hornblende,  and  having  pores  elongated  in  a  ver- 
tical direction — ^probably  therefore  a  dyke,  or  the  nucleus  of 
an  eruptive  vent*. 

Thus  it  appears  that,  traversing  the  centre  of  Grermany,  in  a 
line  nearly  parallel  to  the  central  ridge  of  the  distant  Alps, 
there  occurs  an  almost  continuous  string  of  basaltic  cones  and 
plateaux,  the  product  of  eruptions  mostly  belonging  to  the 
Pliocene  or  later  tertiary  age,  but  on  some  points  much  more 
recent.  And  as  this  same  band  of  territory  is  liable  to  fre- 
quent earthquake-shocks,  and  possesses  numerous  hot-springs, 
it  is  possible  that  there  yet  exists  beneath  it  volcanic  matter 
in  a  condition  fiur  removed  from  complete  inactivity. 

Hungary. — ^Another  and  perhaps  still  more  remarkable 
series  of  volcanic  rocks  is  met  with  along  the  southern  foot  of 
the  granitic  mountain-range  that  separates   Hungary  from 

*  I  am  indebted  for  much  of  the  above  to  Dr.  Daubeny's  second  edition. 
I  have  not  myself  visited  the  district. 
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Gmllicia,   apoD   the  northern  bofder  of  the   extennTe  and 
marshy  plidn,  <»oe  no  doabi  a  TMt  lake,  which  is  now  dnined 
br  the  Theiss  and  Dannbe,  and  their  tribataries,  thzoogfa  the 
gorge  of  the  Iron-gate  near  Oiaora.     The  great  balk  of  the 
empted  matters  of  this  district  is  trachytic.      It  has  been 
described  in  great  detail  in  the  Tidnminoos  work  of  M.  Ben- 
dant,  as  containing  fire  independent  centres  of  emptkHi,  or 
Tolcanic  mountains,  viz.  that  of  Schemnita,  that  on  the  nordi- 
em  shore  of  the  Platten-See,  and  three  others  immedialely 
beneath  the  south-western  slopes  ot  the  Carpathians.     There 
are  also  minor  masses  scattered  between  these  points.    The 
principal   trachytic  groups  consist  ci  aereral  mcHre  or  less 
distinct  and   chiefly  dome-shiqped  hiUs  oi  different  yarieties 
of  rock.     The^e  yarieties  M.  Beudant  classifies  as— 1.  Tra- 
chyte properly  so  called ;   2.  Trachytic  pcwrphyry ;  3.  Pearl- 
stone;  4.  Millstone-porphyry ;  and  5.  Trachytic  conglomerate. 
From  his  description  of  these  rocks,  and  an  examination  of 
the  rich  collection  of  specimens  brought  away  by  him,  now 
in  the  Ecole   des  Mines   at  Paris,  I  haye  no   difficulty  in 
recognizing  the  two  first  diyisions  as  identical  with  the  usual 
yarieties  of  the  well-known  trachytes  of  the  Puy  de  Dome 
and  Mont  Dore.     The  third  presents  the  characters  of  ordi- 
nary pearlstones,  such  as  are  foimd  in  Ponsa,  Lipari,  Sar- 
dinia, the   Cordilleras  of  America,  and  many  other  locali- 
ties.    Like  them,  it  often  exhibits  a  ribboned  and  If^minar 
structure^   and  passes  into  laminated  crystalline  trachyte. 
The  fourth  class,  a  highly  siliceous  and  carious  trachyte,  has 
also  its  parallel  in  Ponza  and  among  seyeral  of  the  South 
American  yolcanos.     The  fifth,  or  conglomerate  class,  is  com- 
posed of  the  fragmentary  ejecta  and  eluyial  matters,  chiefly 
pumiceous  tuflb,  common  to  all  trachytic  yolcanos,  disposed  in 
the  usual  modes  about  the  lower  slopes  or  aroimd  the  base  of 
the  mountains,  which  are  composed  for  the  most  part  of 
erupted  layas  and  such  ejected  matter  as  had  not  been  trans- 
ported far  from  the  central  yents.     Some  of  these  conglome- 
rates are  interbedded  with  marine  strata  of  Miocene  age,  thus 
affording  a  clue  to  the  period  at  which  the  trachytic  yolcanos 
were  in  actiyity.    (See  p.  176  et  seq.) 
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Unfortunately  M.  Beudant^  perhaps  from  not  having  very 
clear  ideas  on  the  laws  of  volcanic  action^  or  the  normal 
arrangement  of  erupted  matters^  furnishes  little  information 
as  to  the  structural  characters  of  these  great  trachytic  groups. 
I  gather,  however,  from  his  description  of  them,  that  there 
must  have  existed  there  through  a  long  period  at  least  five 
volcanos  habitually  erupting  trachytic  lavas  of  very  imperfect 
fluidity,  which  therefore  accumulated  for  the  most  part  in 
dome-shaped  hummocks  or  bulky  beds  in  the  immediate 
vicinity  of  their  source,  surrounded  by  eluvial  agglomerates 
carried  down  by  aqueous  torrents  accompanying,  or  in  the 
intervals  of  the  eruptions, — the  mountains  thus  formed  having 
since  suffered  a  great  amount  of  ordinary  denudation.  Whe- 
ther any  craters  may  yet  be  traced  among  these  skeleton  vol- 
canos does  not  appear ;  but  I  think  it  probable  that  it  would 
not  be  difficult  on  the  spot  to  recognize  the  habitual  centres 
of  eruptive  action,  and  trace  the  greater  number  of  trachytic 
masses  to  their  respective  sources.  The  Hungarian  trachytes 
are  distinguished  from  those  of  other  countries  by  the  fact  that 
they  afford  gold  (auriferous  sulphuret  of  silver)  on  one  or  two 
points,  as  well  as  many  beautiful  varieties  of  opal.  The  dilu- 
vial drift  (Loess)  of  the  Danubian  basin  is  full  of  trachytic  ash. 

These  trachytic  formations  of  Hungary  are  continued  fur- 
ther to  the  south-east  in  Transylvania;  and  here  at  some 
points  distinct  craters  are  to  be  recognized,  some  of  which  are 
in  the  condition  of  active  solfataras. 

Siyria, — Dr.  Daubeny  describes  and  gives  a  section  of  a 
lofty  conical  hiU  near  Friedau  in  Styria,  called  the  Gleichen- 
berg,  composed  of  beds  of  an  augitic  tuff,  with  silvery  plates 
of  mica,  arranged  mantlewise  at  a  high  angle  around  a  central 
nucleus  of  trachyte.  Basalt  also  shows  itself  beneath  the  tuff; 
and  the  whole  rests  on  tertiary  marls,  without  any  volcanic 
matter.  Dr.  Daubeny,  as  a  partisan  of  the  Elevation-crater 
theory,  naturally  sees  an  example  of  it  here.  For  myself,  I 
presume  it  to  have  been  an  ordinary  augitic  volcano,  of  which 
the  last-formed  central  crater  was  filled  by  the  eruption  of  a 
great  boss  of  imperfectly  liquid  or  semi-solid  trachytic  lava. 

TTie  Levant    {or  Eastern  Mediterranean  District). — ^The 
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trans-European  volcanic  band  which  we  hare  so  £ur  traced,  maj 
be  considered  as  prolonged  from  Hnngaiy  across  the  Dinube, 
through  the  provinces  of  Servia  and  Bonmelia,  along  tk 
southern  skirts  of  the  Balkan,  to  the  borders  of  the  Jlgeu 
Sea  and  the  Bosphorus,  whence  it  passes  into  Asia  Mmor. 
Throughout  this  course  several  considerable  groups  of  tn- 
chytic  eminences  are  met  with,  closely  resembling  in  genenl 
character  those  of  Hungary.   They  are  described  by  Dr.  Booe 
in  his  work  on  European  Turkey.     Of  the  igneous  rodu  of 
the  Thracian  Bosphorus,  the  best  account  we  possess  is  tbit 
given  by  }^Ir.  Strickland  in  the  '  Transactions '  of  the  Geolo- 
gical Society  (vol.  v.  2nd  ser.).      They  traverse  strata  of  Mio- 
cene age,  as  well  as  older  toAb,  and  consist  of  trachyte  and  its 
conglomerates,  intersected  by  dykes  of  clinkstone  and  basalt, 
the  latter  frequently  columnar.     Minor  veins  of  chaloedonj 
penetrate  the  conglomerate.     In  some  spots  the  rocks  aie 
tinged  bhie  or  green  with  copper,  whence  the  name  of  Cya- 
ncse  given  to  the  Symplegades.    Since  we  find  these  volcanic 
masses  forming  cither  side  of  the  narrow  opening  of  the  Boe- 
phorus  into  the  Black  Sea,  it  is  difScult  to  resist  the  im- 
pression that  their  eruption  coincided  in  time  with  the  for- 
mation of  this  cleft-like  passage,  by  which  the  waters  of  the 
great  inland  sea  were  discharged  that  once  certainly  covered 
the  vast  depressed  area  of  Central  Asia  and  Eastern  Russia, 
now  drained  into  the  low-level  salt-lakes  of  the  Caspian^  And, 
&c.     Such  a  prodigious  revolution  of  the  physical  geography 
of  this  enormous  area  (three  millions  of  square  miles  in  ex- 
tent) may  possibly  have  been  effected  by  a  single  earthquake 
or  eruptive  effort  bursting  open  the  isthmus-barrier  of  the 
Bosphorus,  by  which  Europe  and  Asia  seem  to  have  been  pre- 
viously connected. 

It  is  not,  however,  to  the  Bosphorus  alone  that  this  hypo- 
thesis applies.  The  islands  of  Lemnos,  Imbros,  Samothrace, 
Tenedos,  and  others  on  the  Mgesm  Sea,  off  the  mouth  of  the 
Dardanelles,  are  likewise  of  volcanic  origin — pitchstone,  por- 
phyry, and  pumice  being  reported  as  among  their  consti- 
tuents. An  extensive  tract  of  augitic  porphyry  forms  the  shore 
of  the  Sea  of  Marmora  up  to  Mount  Olympus,  near  Broussa. 
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The  Troad. — South  of  the  Hellespont^  the  moimtams  sur- 
rounding the  plains  of  Troj  present  many  traces  of  volcanic 
action  in  hot-springs,  and  masses  of  trachyte,  clinkstone,  ba- 
salt,  and  their  tuffs,  especially  near  Mn6,  Asso,  and  Mantosia. 
Trachy  tic  rock^  also  occur  both  north  and  south  of  the  bay  of 
Smyrna,  and  are  more  recent  than  a  calcareous  lacustrine 
formation  which  they  broke  through  and  overspread  in  broad 
horizontal  sheets.  Further  south,  at  Budrum  (the  ancient 
Halicamassus),  are  several  lofty  hills,  composed  of  trachyte 
and  pumice-conglomerate. 

The  ^gean  Archipelago. — Nearly  in  the  same  parallel  of 
latitude  with  these  last  sites  of  volcanic  energy  rise  a  string  of 
volcanic  islands  from  the  Southern  iEgean — Patmos,  Cos, 
Nisyros,  Santorini,  Policandro,  Milo,  Argentiere,  with  several 
smaller  islets ;  and  near  the  coast  of  the  Peloponnesus,  Poros, 
the  promontory  of  Methana,  and  the  island  of  iEgina.  Pro- 
fessor E.  Forbes  describes  not  only  Patmos,  but  also  several 
other  islands  off  this  coast,  as  of  recent  volcanic  origin.  Nisyros 
appears,  firom  the  description  given  of  it  by  Dr.  Ross,  to  be  a 
circular  island,  possessing  a  vast  central  crater  2000  feet  deep, 
environed  by  cliflb,  still  in  the  state  of  a  solfatara,  and  contain- 
ing hot-springs.  Radiating  streams  of  lava  are  traceable  firom 
the  rim  of  the  crater  on  all  sides  towards  the  sea,  into  which 
they  project  as  headlands.  This  island  fiimished  millstones 
of  cellular  lava  (millstone-trachyte?)  to  the  Greeks  in  the 
time  of  Strabo. 

Of  Santorini  and  its  adjoining  islets  something  has  been 
already  said  in  an  earlier  page  (see  p.  200).  The  formation  of 
the  great  crater,  now  nearly  environed  by  the  three  curving 
islands,  Thera,  or  Santorini,  Therasia,  and  Aspronisi,  dates, 
no  doubt,  firom  a  pre-historic  age.  But  the  rise  of  two  of  the 
smaller  central  islets,  called  the  Great  and  Little  Kaimenis, 
seems  to  have  been  more  or  less  vaguely  recorded  by  Pliny, 
Justin,  and  other  early  writers,  especially  as  respects  Hiera, 
or  Great  Kaimeni.  The  two  others  are  known  to  have  been 
produced  by  eruptions  in  1673  and  1707  respectively.  They 
are  all,  no  doubt,  the  summits  of  as  many  minor  cones,  that 
have  been  firom  time  to  time  thrown  up  in  the  ordinary 
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manner  from  the  main  voit  of  the  Yolcano  in  the  centre  of 
the  great  paroxysmally-formed  crater. 


a,  ft,  e.  ScA-line. 

The  dotted  line  ahow*  the  prolwble  waAtx  of  the  toIoum  before  the  eraptioD  whieh 

foRned  the  enter. 

The  encircling  islands  show  steep  cli£fs  towards  the  interior. 
On  the  other  side,  their  sur&ces,  as  well  as  the  irregular  beds 
of  trachyte,  tuff,  and  ash  (chiefly  the  latter)  of  which  they  are 
composed,  slope  outwardly,  with  the  usual  gradually  diminish- 
ing  quaquaversal  dip  of  firom  20°  to  10**.  Although  frequently 
instanced  as  an  illustration  of  the  Upheaval-crater  doctrine, 
there  is  nothing  to  lead  to  the  conclusion  that  these  beds  have 
been  formed  in  any  other  than  the  normal  mode  of  accumu- 
lation round  an  habitually  eruptive  vent.  The  trachyte  con- 
sists of  the  ordinary  varieties,  contains  crystak  of  glassy  fel- 
spar, and  occasionally  passes  into  pitchstone  and  obsidian. 
Professor  £.  Forbes  found  patches  of  the  muddy  sea^bottom 
containing  recent  Mediterranean  shells  attached  to  the  scori- 
fbrm  lava  of  some  parts  of  the  Lesser  Kaimeni,  which  it  had 
evidently  carried  up  with  it  in  its  emergence  (probably  from 
no  great  depth)  beneath  the  sea.  In  some  parts  of  the  old 
crater-basin,  however,  between  these  central  islets  and  the 
surrounding  clith,  no  soimdings  could  be  obtained.  The  in- 
habitants of  the  islands  assert  that  subterranean  noises  are 
still  heard,  and  sulphureous  vapours  rise  occasionally  in  parts 
of  the  circuit,  showing  the  continued  activity  of  the  volcanic 
focus  beneath. 

Argeniiere  and  Milo  are  trachytic,  with  some  tertiary  strata, 
much  altered  by  acid  vapoius.  The  trachyte  is  said  to  be  in 
parts  extremely  siliceous,  resembling  probably  that  of  Ponza, 
already  described ;  and  a  white  earth  is  found  there,  called 
CimoUte  (fix)m  the  ancient  name  of  the  island,  Cimoli),  con- 
taining 63  per  cent,  of  silex,  which  forms  an  article  of  com- 
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mcrce,  being  employed  to  cleauBe  woollen  stuffs.  It  is  pro- 
bably the  residuum  of  trachytic  lava  decomposed  by  acid  va- 
pours, after  the  greater  part  of  the  alumine  has  been  washed 
away  by  rains. 

The  island  of  Poros,  on  the  coast  of  Argolis^  is  in  part 
limestone,  in  part  trachyte,  alternating  with  beds  of  pumice- 
ash.  Near  it  is  the  promontory  of  Methana,  which,  on  the 
strength  of  a  passage  in  Ovid's  ^  Metamorphoses,'  has  been 
put  forward  by  Humboldt  and  others  as  an  example  of  sudden 
blister-like  upheaval.  It  consists  of  a  group  of  trachytic 
peaks  and  hummocks,  the  highest  of  which  reaches  2200  feet 
above  the  sea,  combining  the  ordinary  varieties  of  the  rock, 
porous  or  domitic,  porphyritic,  siliceous,  and  compact,  partly 
altered  by  acid  vapours,  together  with  their  usual  conglome- 
rates. Some  of  these  trachytic  lavas  are  of  older  date  than 
the  tertiary  strata  with  whici  they  are  associated ;  some  are 
much  more  recent ;  and  at  the  western  extremity  of  the  Penin- 
sula occurs  much  black  slag  and  scoriform  lava,  resembling  in 
its  freshness  of  aspect  that  of  the  new  Kaimeni,  and  pro- 
bably therefore  marking  the  site  of  the  eruption  to  which 
the  poet  alludes  *.  There  is  nothing  in  this  description  indi- 
eating  any  departure  from  the  ordinary  mode  of  emission  of 
trachytic  lavas  of  very  imperfect  liquidity,  and  therefore  accu- 
mulating in  bulky  heaps  above  the  orifice  whence  they  are 
expelled.    (See  p.  182  et  seq.) 

Asia  Minor. — Returning  to  the  Asiatic  continent,  we  find, 
firom  the  relation  of  Messrs.  Hamilton  and  Strickland,  a  se- 
cond range  of  volcanic  rocks,  running  across  Asia  Minor 
nearly  east  and  west,  firom  the  Gulf  of  Smyrna  along  the 
valley  of  the  river  Hermus.  The  most  notable  portion  of  this 
volcanic  band  is  that  which,  firom  its  generally  recent  cha- 
racter, was  called  of  old  the  KaiakekaMtnene,  or  Binmt-land. 
This  district  offers  in  many  respects  an  exact  repetition  of 
Auvergne,  the  volcanos  having  broken  out  on  numerous  points 
through  strata  of  tertiary  lacustrine  marls,  the  surfiu^e  of  which 
they  have  deluged  with  sheets  of  basaltic  lava.  As  in  Au- 
vergne, the  relative  ages  of  these  erupted  matters  are  indi- 

«  Virlet,  Exp^tion  Scientifique,  1837. 
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cated  by  the  relative  heights  at  which  the  basaltie  platforn 
oyerhang  the  existing  valleys^  which  have  been  slowly  exc 

'  vated  by  ^'  rain  and  rivers  '^  alone  since  the  dates  when  tl 

lavas  of  these  subaerial  vents  flowed  into  their  present  positio] 
Mr.  Hamilton  recognizes  three  eruptive  periods^  the  lavas  pn 
duced  by  the  most  recent  eruptions  ranging  up  to  80  fa 
above  the  present  valley-bottoms^  those  of  the  earliest  800  feel 
those  of  intermediate  age^  at  a  medium  height  of  from  200  X 
800  feet.  The  most  recent  are  traceable  to  the  crater-lips  < 
very  firesh-looking  cones  of  scoriae ;  and  the  surface  of  thee 
newest  lava-currents  is  harsh^  j<^g^>  vitrified^  and  bare  ( 
vegetation.  The  number  of  cinder-cones  remaining  is  bet  wee 
thirty  and  forty.  Those  belonging  to  the  oldest  lavas  are  wor 
down  to  mere  stumps.  The  newest  are  as  firesh  as  those  latel 
thrown  up  on  the  flanks  of  Etna.  As  in  Auvei^e^  numerov 
calcariferous,  or  petrifying^  springs  rise  in  the  vicinity  of  thes 
volcanic  sites^  and  have  produced  much  travertin. 

Yet  further  in  the  interior  of  Asia  Minor,  the  great  hig 
plain  which  stretches  north  of  the  Taurus  mountain-rang 
has  been  pierced  by  a  long  series  of  eruptions.  At  Asioi 
Kara-Hissar,  and  about  Baiad,  volcanic  rocks  abound,  bavin 
the  various  characters  of  phonolite,  basalt,  trachyte,  whit 

Ij  pumice-tufi*,  and  scoriaceous  lava,  with   cinder-Cones.     Th 

quarries  of  white  crystalline  marble  at  Eski  Hissar,  largel 

j  worked  by  the  ancient  Greeks,  are  described  by  Mr.  Hamilto: 

II  as  opened  in  a  patch  of  ordinary  secondary  limestone  enve 

loped  in  trachyte,  and  altered  by  contact  with  the  igneous  rock 
Eastward  from  thence,  an  elevated  table-land,  4000  fee 
above  the  sea,  having  a  drainage-system  of  its  own  into  som 
brackish  lakes,  and  composed  of  an  alternation  of  marine  tei 
tiary  marls  and  volcanic  rocks,  chiefly  tuff,  in  horizontal  stratf 
extends  over  an  area  measuring  200  miles  in  its  longest  (E 
and  W.)  dis^eter.  From  this  plain  rises  another  lofty  vol 
canic  mountain,  Hassan  Dagh,  8000  feet  above  the  sea.  ] 
consists  chiefly  of  trachyte  and  its  conglomerates;  but  a 
its  base  are  several  cinder-cones,  which  have  given  vent  t 
streams  of  black  vesicular  lava  which  has  flowed  into  the  plair 
and  is  evidently  of  recent  origin. 
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Adjoining  this  to  the  north-east  is  the  still  more  imposing 
mass  of  Mount  ArgtBus,  now  Eijish  Dagh,  an  insulated  cone  not 
less  than  13,000  feet  in  height,  and  wholly  volcanic.  Its  sum- 
mit, according  to  Mr.  Hamilton,  is  composed  of  a  scoriaceous 
breccia,  containing  fragments  of  basalt  and  porphyritic  tra- 
chyte,  and  forming  the  wall  of  separation  between  two  enor- 
mous breached  craters,  one  open  to  the  north-east,  the  other 
to  the  north-west,  but  covered  with  perpetual  snow.  Nume- 
rous cones  of  pumice  and  lapillo  rise  from  the  flanks  of  this 
mountain,  and  streams  of  black  basaltic  lava  have  flowed 
about  its  base.  Other  vast  ridge-like  currents  of  both  tra- 
chyte and  basalt  radiate  firom  this  mountain  on  all  sides. 
(Trans.  Geol.  Soc.  2nd  ser.  vol.  vi.) 

There  are  in  this  district  the  same  convincing  signs  of 
varying  antiquity  in  the  volcanic  formations  as  were  observed 
in  the  Katakekaumene — some  being  anterior  to,  others  con- 
temporaneous with,  the  tertiary  (Miocene)  strata;  and  many 
eruptions  having  certainly  occurred  within  a  very  recent 
period.  Mr.  Hamilton  is  of  opinion  that  the  elevation  of  the 
tertiary  strata  from  beneath  the  sea  must  have  been  coeval 
with  one  of  the  earlier  eruptive  periods  of  this  district.  It  is, 
however,  as  likely  to  have  occurred  in  the  interval  between 
two  or  more  periods  of  volcanic  development,  during  which 
these  escape-valves  were  closed — ^perhaps  overweighted — and 
afforded  no  vent  for  the  expanding  matter  beneath.  The 
whole  of  Asia  Minor  is  still  liable  to  frequent  and  violent 
earthquakes,  but  for  centuries  has  experienced  no  eruption. 

Further  to  the  south-east,  at  the  bottom  of  the  Gulf  of 
Alexandretta,  and  north  of  Antioch  and  Aleppo,  occurs  an- 
other large  development  of  volcanic  matter,  very  similar  in 
character  to  that  last  described. 

Syria, — Proceeding  thence  southwards  towards  Palestine^ 
many  traces  of  volcanic  action  are  observable.  The  coast  of 
Syria  is  very  subject  to  earthquakes,  one  of  which,  in  1759,  is 
said  to  have  destroyed  20,000  persons,  and  to  have  so  terrified 
the  inhabitants  of  Lebanon  as  to  have  induced  them  to  aban- 
don their  houses  and  dwell  for  some  time  in  tents.  That  re- 
markable long  and  narrow  meridional  hollow  which  is  drained 
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by  the  river  Jordan^  and  partly  occupied  by  the  Lakes  of  Ti 

berias  and  the  Dead  Sea  (Lacus  Asphaltitis)^  marks  probabl; 

»  the  course  of  a  deep  subterranean  volcanic  fissure.     Pumice 

bitumen^  and  sulphur  are  met  with  on  the  banks  of  the  lakes 
as  well  as  hot-springs.  The  traditional  destruction  of  severa 
cities  in  this  valley  has  been  very  plausibly  attributed  to  volcanii 
action.  On  the  south-east  side  of  the  Dead  Sea.  cones  oi 
scoriae  and  several  volcanic  craters  were  observed  by  Mr.  L^h. 
Riissegger  speaks  of  the  western  side  of  the  Valley  of  Jordan  ac 
formed  by  rocks  of  Jura  limestone  traversed  by  numerous  dykee 
and  streams  of  basalt ;  and  other  travellers  describe  the  country 
'  between  the  Jordan  and  Damascus  as  composed  of  sooriform 

'  lava,  with  many  cones  and  craters.     The  Lake  of  Tiberias  is 

partly  encased  in  basalt ;  and  on  one  side  a  stream  of  recent- 
looking  lava  a  league  in  breadth  flows  into  it  fix>m  the  flank  of 
a  mountain  at  a  height  of  nearly  1000  feet.    The  river  which 
;  drains  this  lake  has  cut  its  channel  through  another  lava-cur- 

;  rent,  which  therefore  may  possibly,  by  damming  up  the  course 

of  the  stream,  have  been  the  cause  of  the  lake  itself.    On  the 
<>  eastern  border  of  the  Valley  of  Akabah,  which  continues  the 

I  hollow  of  the  Jordan  to  the  Red  Sea,  are  several  volcanic  cones. 

[  If  we  suppose  these  to  have  choked  up  the  valley  by  their  lavas, 

or  that  the  bottom  of  the  Wady  was  elevated,  at  some  early 
period,  in  their  neighbourhood,  sufficiently  to  cut  off  the  former 
continuation  of  the  Gulf  of  Akabah  along  that  hollow,  the  sea- 
basin  so  insulated,  not  receiving  in  that  dry  desert  region  a 
sufficient  supply  from  its  tributary  streams  to  compensate  the 
evaporation  to  which  it  was  subject,  will  have  shrunk  by 
degrees  to  the  extreme  present  depression  of  the  level  of  the 
Dead  Sea,  which  is  more  than  1300  feet  below  that  of  the 
Mediterranean  and  Bed  Sea. 

Sinai. — In  the  peninsula  of  Sinai,  according  to  Burckhardt, 
there  are  several  craters  and  cliffs  of  cellular  basalt.  I  am 
not  aware  of  its  having  been  explored  by  any  competent 
geologist. 

Red  Sea. — This  north  and  south  line  of  volcanic  activity 
may  be  considered  as  prolonged  through  the  length  of  the 
Bed  Sea  itself,  on  the  coasts  of  which  (especially  that  of 
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Arabia)  more  than  one  still  active  volcano  has  been  observed. 
Ancient  chronicles  report  eruptions  near  Medina  in  the  years 
1254  and  1276  (Humboldt,  Kosmos,  vol.  iv.  p.  337).  Von 
Hoff  found  porous  lavas  south  of  Mecca  in  various  places 
down  to  Damar,  15°  N.  lat.  Djebel  Tier,  an  island-peak  in 
the  Red  Sea  (N.  lat.  16°),  sends  out  vapour  continually,  and 
is  composed  of  volcanic  rock,  as  well  as  an  adjoining  group 
of  islands.  The  promontory  of  Aden,  outside  the  Straits  of 
Babelmandel,  is  entirely  volcanic.  Indeed,  the  town  of  Aden 
itself  is  said  to  occupy  the  bottom  of  a  well-defined  breached 
crater  a  mile  and  a  half  in  diameter,  encircled  by  precipitotis 
walls  from  1000  to  1800  feet  high,  and  backed  by  still  higher 
masses  of  volcanic  rock.  Tradition  reports  the  occurrence  of 
eruptions  from  this  very  point.  Recent-looking  streams  of 
obsidian  covered  by  pumice  give  some  support  to  this  story. 
If  this  be  so,  our  settlement  may  be  in  some  danger.  On 
the  African  side  of  the  Red  Sea,  so  many  sites  of  volcanic 
activity  are  mentioned  by  different  travellers  as  to  lead  to  the 
opinion^  that  a  nearly  continuous  N.  and  S.  range  of  this 
character  will  be  found  there  when  the  country  is  ftdly  ex- 
plored. In  Egypt,  between  the  Nile  and  the  sea,  smoking  and 
sulphur  mountains  are  reported  to  occur ;  and  in  the  province 
of  Kordofan,  in  Nubia,  a  chain  of  hills  composed  of  black 
and  vesicular  obsidian.  Earthquakes  are  frequent,  and  subter- 
ranean noises  occasionally  heard.  In  Gondar  and  Shoa  much 
basalt  and  trachyte  are  known  to  exist.  On  the  coasts  of  Abys- 
sinia similar  indications  of  active  or  recent  volcanic  energy  have 
also  been  noticed,  as  well  as  in  the  island  of  Socotra,  opposite 
Cape  Guardafiii,  from  which  rises  a  volcanic  peak,  called  Jebel 
Hajier,  5000  feet  in  height. 

So  little  is  known  of  Eastern  Africa,  that  it  is  impossible  to 
say  whether  the  line  of  volcanic  spiracles  is  continued  along 
its  coast;  but  it  seems  not  improbable,  since  the  snow- 
covered  mountain  of  Keenia  (1**  20^  S.  lat.)  is  reported  to  be 
a  volcano  (Humboldt,  Kosmos,  iv.  p.  332) ;  and  the  Cataracts 
of  the  Zambesi  (16^  S.  lat.)  cut  their  way  through  basalt  ac- 
cording to  Livingstone. 

Returning  to  the  north  of  Asia  Minor,  we  find  reason  to 
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bdicve  in  an  east  and  west  line  of  early  volcaziic  actkm  (now, 
however,  extinct),  stretching  from  the  Bosphonia  thioogli  the 
btcrior  to  Samsoun,  and  thence  along  the  coast  to  Trebiioid, 
Pbti,  and  Eneroum.    Trebiaond  deriyea  its  njune  from  a  flst- 
topped  hUl  (Trapeaus)  of  trachyte,  coTered  with  tuff  and  yd. 
canic  sand  full  of  cradfonn  cryBtals  of  homhlende  (HamflUm). 
Prom  Eneroum  to  Kara,  and  thence  to  Teflitz  and  EriTin 
— indml  through  almost  the  entire  qiace  south  of  the  Cwi- 
casiis.  sofiarating  the  eastern  coast  of  the  Bhick  Sea  from  the 
Caspian,  as  well  as  the  country  surrounding  the  lakes  Van  and 
Oumiia — volcanic  formations  predominate.     Besides  abun- 
dant trap-rocks  of  the  age  of  the  chalk,  or  eariy  tertpoy  beds, 
numennis  circular  crater-lakes  are  to  be  seen  there    with 
sinmuis  of  lava  and  obsidian  proceeding  from  them,  and  several 
ixuiu'al  viJoanic  mountains  of  great  siae,  which  hsTe  evidentlj 
hrcn  oniptive  from  a  very  early  period  down  almost  to  the 
|ur«rut  day. 

M.  Ou  iUn»  do  Mont-Pereux,  in  his  elaborate  TraTcls  in 
Ihnu'  ixnintrios.  describes  the  following  six  principal '' vol- 
\Minio  am|  Jut  boat  n^,"  vii. ; — 

\.  *V\\^\  \\(  AkaUsikf,  reaching  from  Poti  on  the  Black  Sea 
iH^M^^anN  to  tho  sinircos  of  the  Kour  Biver.  2.  That  sur- 
i^miuluV  tho  l»okf  8f*t*aii.  3.  That  of  Armeniay  including  the 
lii^Hil  t^ud  l,\^«^mT  Amrat.  4.  That  of  Lake  Van.  5.  That  of 
t.^^  ih^^muu  tv  That  of  the  '  volcanic  valley '  of  Kapan, 
wy^kf  I  ho  omUniohuri'  of  the  Araxes  in  the  Caspian. 

I ,  TUo  f Ji>l  of  thi>so  •  sj-stems/  that  of  AkaltsikS,  exhibits 
uMh")^  iihiitUu>d  xoloanio  tuff  interbedded  with  tertiary  marine 
n^Ai')^  ^\s\\  ol<\\9.  t\yothorwith  basalt  and  trachyte  of  that  age. 
11^0  Uttov  i>'<i^nMbU'«k  domitc.  M.  DuBois  describes  also^  and 
|in^>«  M  \Ut«\^u^  ol\  a  vast  crateral  basin  at  the  head  of  the 
\a(h\\  ot'  tho  K\'u^  having  numerous  minor  cones  with  craters 
\^^lhu^  \\s  \\\\\<\\  havx'  iHnired  out  abundant  augitic  lava- 
alh^iu^     \  ^uo  ouok>M>s  a  small  circular  lake. 

tt.  *Vho  I^Kt  Sf^NfTii,  to  tho  north-east  of  Erivan,  is  sur- 
i^^mhUhI  )\\  \\\\U  of  nUi^auio  origin^  especiaUy  on  its  south- 
x^^oi^i)  Auhs  \^hor«^  a  massiw  eminence,  with  several  craters, 
haa  niwu  Iviiih  Xw  uumonnis  basaltic  lava-streams. 
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3.  To  the  south  of  the  flat  valley  of  the  Araxes^  on  the 
borders  of  Armenia^  rise  the  almost  insulated  twin  cones  of 
the  Great  and  Lesser  Ararat.  The  Great  Ararat,  whose  peak 
is  17,250  feet  above  the  sea,  and  14,320  above  the  plain  of  the 
Araxes,  presents  on  this  side,  according  to  Abich,  an  enormous 
horseshoe-shaped  crater,  called  the  Valley  of  St.  James.  The 
cliffs  embracing  this  cavity  show  the  internal  structure  of  the 
mountain  to  be  an  alternation  of  massive  and  irregular  beds 
of  trachyte  and  its  conglomerate.  On  this  side  no  recent 
lavas  appear.  On  the  opposite  or  south-western  side  the 
mountain  has  a  very  regularly  conical  outline ;  but  its  flank  is 
split,  from  near  the  summit  down  to  a  third  of  its  height,  by 
a  remarkable  cleft  or  niche  between  high  ridges  of  black  por- 
phyritic  trachyte  on  either  side.  The  bottom  of  the  niche  is 
occupied  by  a  rapidly  sloping  current  of  trachyte  having  a 
convex  cross-section,  which  widens  downwards,  until  it  termi- 
nates  in  ranges  of  abrupt  cliffs  halfway  down  the  mountain's 
flank.  These  cliffs  are  bordered  by  still  more  recent  flows  of 
black  vitreous  lava,  which  have  issued  from  cones  of  scoriae 
above.  Great  numbers  of  similar  cinder-cones  stud  the 
mountain-slopes  from  summit  to  base ;  some  are  arranged  in 
strings,  and  seem  of  contemporaneous  origin ;  all  have  craters, 
mostly  breached,  and  have  given  issue  to  prodigious  lava- 
streams,  which  have  flowed  to  the  base  of  the  mountain  and 
over  the  plains  around.  The  lavas  emitted  on  the  southern 
side  are  mostly  basaltic  {dolerite,  Abich).  On  the  northern, 
towards  Erivan,  several  bulky  bosses  and  cun'cnts  of  trachyte 
are  seen  to  issue  from  as  many  great  crateriform  hollows,  sur- 
rounded with  blistered  and  blackened  cliffs.  These  trachytic 
lavas  must  have  been  very  imperfectly  liquid  at  the  time  of 
their  eruption,  since  they  generally  stopped  about  hallway 
down  the  slope,  terminating  in  steep  escarpments. 

Abich  gives  an  interesting  view  of  the  Great  Ararat,  taken 
from  the  summit  of  the  Lesser,  in  which  these  features  are 
displayed  (Bull.  Soc.de Geogr.  8^r.4.  tom.  i.).  His  descriptive 
account  is,  unhappily,  obscured  in  some  degree  by  a  persist- 
ence in  the  Ekvation-crater  theory.  It  is  astonishing  that 
his  observations  on  this  great  volcanic  mountain  alone  should 
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not  have  disaboaed  him  of  tliia  firrfM— wmiioii^  siiioe  it  wonU 
■eem  impoMible  to  reconcile  the  idea  of  its  nndeos  hariif 
been  suddenly  upheaved  like  a  Uister  (hollow,  of  coone),  vidi 
the  subsequent  expulrion  firom  its  aomiiut  mod  snpex&iil 
slopes  oF  those  prodigious  aocnmnljirioiis  of  erupted  Istm 
(traehytic  as  well  as  basaltic)  and  fragmentanr  matters  whidi 
he  himself  describes. 

The  Lesser  Ararat  closely  adjoins  the  Greater,  sqiantod 
only  by  a  flat  plain  or '  Col/  half  a  mile  in  width.  It  has  the 
figure  of  a  very  regular  pyramid  or  cone,  truncated  at  the 
summit  by  a  crater^  which,  however,  appears  not  to  have  been 
eruptive  in  recent  times.  Its  lava-rock  is  said  by  Afaich  to 
resemble  the  andesite  of  South  America. 

To  the  north-west  of  Ararat,  towards  Kaia,  Abich  speaks  of 
a  vast  volcanic  system,  called  the  Tantowreck,  west  of  B^asid; 
also  of  two  great  mountains  {magn^iques  craiires  de  womleve- 
ment),  called  Sardagh  and  Aslanfydagh,  and  other  ''wdcanic 
ranges,  Synak  and  Parlydagh,  surrounding  the  high  lake 
Balykgoell.'^  All  of  these  are  visible  finom  the  liittle  Aiarst, 
as  well  as  vast  basaltic  platforms  beyond  the  Araxes  and  north 
of  Erivan,  probably  those  of  the  system  of  Lake  Sevan. 

The  currents  from  Ararat  seem  to  have  spread  to  a  distance 
of  110  miles,  according  to  the  statement  of  Mr.  Loftus  (Quart 
Joum.  Geol.  Soc.  vol.  xi.  p.  322).  Some  of  its  lavas  are  len- 
citic  greystone ;  there  is  also  much  obsidian  and  pumice.  A 
volcanic  cone  in  this  region,  called  Suphan  Dagh^  10,000  feet 
high,  is  described  by  him  as  having  a  distinct  crater  on  its 
summit,  and  its  base  is  covered  with  basaltic  lava-streams. 
Several  other  conical  volcanic  mountains  are  noticed  by  Mr. 
Loftus  in  the  environs  of  the  Lakes  Van  and  Ourmia. 

North  of  this  great  volcanic  district  rises  the  nearly  east  and 
west  range  of  the  Caucams,  chiefly  composed  of  highly  tilted 
Devonian  rocks  throwing  off  unconformable  cretaceous  strata 
on  either  side.  From  its  axial  heights  rise  several  volcanic 
masses.  Mounts  Kasbegh  and  Savalan,  both  finom  15,000  to 
16,000  feet  high,  belong  to  this  group.  The  loftiest  peak  of 
the  Caucasus,  Elburz,  believed  to  be  upwards  of  18,000  feet  in 
height,  has  a  crater  on  the  summit ;  its  lavas  are  chiefly  tra- 
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chytic.     Many  fill  up  the  recent  valleys,  together  with  trass 
and  tuff. 

Although  some  of  these  volcanic  vents  seem  to  have  been 
active  within  the  most  recent  geological  period,  there  exists 
no  authentic  record  of  any  eruption  from  them.  Hot-springs 
are,  however,  numerous,  and  earthquakes  not  imfrequent. 

Abich  believes  the  principal  eruptions  of  the  Caucasus  to 
have  occurred  about  the  dawn  of  the  human  period — ^its  lavas 
and  tuffs  covering  sedimentary  deposits  which  contain  the  same 
Mytilus  as  that  which  now  inhabits  the  Caspian  Sea"^.  Some 
of  the  volcanic  rocks  of  this  district  are,  however,  interbedded 
with  tertiary  strata.  Others  are  still  older,  and,  perhaps, 
coeval  with  the  elevation  of  the  Caucasian  range.  It  is  evi- 
dent that  volcanic  energy  has  repeatedly  displayed  itself  here 
on  a  colossal  scale,  from  an  early  period.  And  it  is  by  no 
means  clear  that  it  has  ceased  for  ever.  In  the  region  sur- 
rounding Ararat  especially,  earthquakes  have  been  fi^uent  of 
late  years,  and  were,  perhaps,  accompanied  by  eruptions.  In 
A.D.  341,  the  moimtains  of  Armenia  are  said  to  have  split  open 
and  vomited  clouds  of  flame  and  smoke.  Throughout  that 
century  similar  phenomena  were  repeated.  And  in  the  eighth 
total  darkness  is  mentioned  as  having  prevailed  during  forty 
days,  which  seems  to  indicate  clouds  of  volcanic  ash.  A 
tremendous  earthquake  in  the  year  1841  shook  the  two 
Ararats  to  their  foundation,  toppling  down  vast  rocks  from 
their  heights,  together  with  avalanches  of  ice  and  snow,  into 
the  valleys  beneath.  The  shock  was  felt  with  great  intensity 
through  the  neighbouring  provinces  as  far  as  Shusa  and 
Tabriz  on  one  side,  and  Teflis  on  the  other. 

At  either  extremity  of  the  chain  of  the  Caucasus,  to- 
wards the  Caspian  on  the  east,  and  the  Sea  of  Azof  on 
the  west,  as  abo  at  the  southern  foot  of  its  central  portion, 
we  find  a  low-lying  district,  over  which  are  scattered  vast 
numbers  of  mud-volcanos,  as  they  are  called,  t .  e.  cones  of 
a  ductile  unctuous  day,  formed  by  the  continued  evolution 
of  a  sulphureous  and  inflammable  gas,  spurting  up  waves 
and  lumps  of  liquid  mud.  Some  of  them  are  260  feet  high. 
*  Abich,  Geol.  Sketches  in  QeoL  Mem.  vol.  vi.  part  3.  p.  44 
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The  operations  of  these  mud-volcanos  have^  apparently,  been 
going  on  for  countless  ages,  and  have  covered  a  great  extent 
of  territory  with  their  products.  The  phenomena  are  cer- 
tainly very  distinct  from  those  of  true  volcanoB,  since  no 
scoriae  or  lava,  or  heated  matters  of  any  kind  are  sent  forth ; 
the  mud  being  described  as  cold  when  emitted,  notwith- 
standing that  the  gas,  whose  violent  escape  throws  it  up,  is 
sometimes  inflamed.  The  mud  is  frequently  bituminous;  and 
petroleum  is  obtained  from  wells  sunk  through  a  bitumiaoos 
shale  at  Baku,  on  the  west  coast  of  the  Caspian,  in  the  vici- 
nity of  some  of  the  sites  of  the  mud-eruptions.  The  greater 
number  of  geologists  consider  these  phenomena  as  entirdy 
distinct  from  the  volcanic,  and  to  proceed  fix>m  chemical 
action  going  on  at  no  great  depth  beneath  the  surface  among 
the  constituents  of  certain  stratified  matters.  Others  (Sir 
R.  Murchison  especially,  who  has  visited  the  locality)  express 
the  opinion  that  '^  they  are  as  much  connected  with  internal 
igneous  agency  as  any  other  eruptive  phenomena.^'  Certainly 
their  occurrence  on  the  prolongation  at  either  end  of  the 
volcanic  train  of  the  Caucasus  affords  much  support  to  this 
view.  And  it  will  be  remembered  that  the  analogous  phe- 
nomena of  Macaluba  in  Sicily  occur  in  a  district  not  remote 
from  the  sites  of  vast  volcanic  disturbances.  If  we  suppose 
the  sulphuretted  hydrogen  which  emanates  so  abundantly 
from  volcanic  spiracles  to  rise  from  great  depths  through  a 
narrow  tortuous  fissure,  and  ultimately  through  beds  of  muddy 
sediment  at  the  bottom  of  a  shallow  sea,  it  may  reach  the 
outer  atmosphere  at  a  low  temperature,  and  produce  effects 
similar  to  those  described  above. 

The  axial  range  of  the  Caucasus  may  be  considered  as  con- 
tinued on  the  west  in  the  elevated  southern  coast  of  the 
Crimea,  where  the  cretaceous  plateau  has  been  pierced  on 
many  points,  and  dislocated  by  eruptive  greenstone,  serpen- 
tme,  and  other  trap-rocks.  Tertiary  strata  rest  unconformaUy 
upon  these,  and  are  mixed  up  with  some  beds  of  volcanic  aslL 

re^nt  \oicanic  action  m  that  vicinity. 

South  of  the  Caspian,  in  the  range  of  the  PetBian  Elbou«, 


THE  UBAL — HIMALAYAS — CENTRAL  ASU.     403 

occurs  the  lofty  volcanic  mountain  called  Demavend.  It  was 
ascended  in  1837  by  Mr.  Taylor  Thomson^  who  determined  its 
height  at  14^800  feet — ^the  last  100  feet  being  a  mass  of  pure 
sulphur,  within  which  was  a  hollow  sending  out  steam  and 
sulphureous  vapour.  Pumice  and  scoriae  lie  scattered  about 
the  mountain,  and  masses  of  augitic  lava.  The  mountain 
towards  its  base  is  described  as  consisting  on  one  side  of  strata 
of  sandstone  and  limestone  belonging  to  the  coal-formation, 
highly  inclined  and  dipping  towards  the  axis  of  the  volcano. 

Volcanic  formations  are  said  to  prevail  between  Teheran 
and  Ispahan,  as  well  as  near  Tabriz  in  Persia ;  but  no  reliable 
account  has  yet  been  given  of  them. 

Ural, — ^The  great  meridional  mountain-range  of  the  Ural, 
which  divides  Europe  from  Asia,  sinks  down  to  the  level  of 
the  Kirghis  Steppe  between  the  Caspian  and  Aral  Seas.  The 
upheaval  of  the  series  of  sedimentary  strata  which  compose 
the  western  portion  of  this  great  range  (as  well  as  the  plains 
of  European  Russia)  seems  to  have  been  effected  by  repeated 
eruptions  of  numerous  trappean  masses — syenite,  greenstone, 
serpentine,  porphyry,  and  augite-rock,  accompanied  by  ash 
and  other  fragmentary  matters — along  a  great  linear  fissure, 
or  series  of  fissures,  upon  the  eastern  side  of  the  central  axis. 
Sir  B.  Murchison  ^'  considers  this  eruptive  agency  to  have 
been  in  activity  firom  the  remotest  period,''  but  to  have  chiefly 
operated  at  two  distinct  eras ;  viz.  first,  ''  after  the  formation 
of  the  carboniferous  limestone,''  and,  secondly,  "  after  the  de* 
position  of  the  Permian  strata  on  the  dislocated  and  upturned 
edges  of  the  earlier  rocks."  Since  this  last  epoch  he  thinks 
there  have  been  changes  of  level,  but  no  outburst  of  igneous 
rocks  in  the  Ural.  Volcanic  eruptions  of  the  Tertiary  period 
were  apparently  confined  to  the  Caucasian  range,  which  crosses 
the  line  of  the  Ural  transversely  at  its  southern  extremity. 
(Russia  and  the  Ural,  p.  686  et  seq.) 

Hindostan  and  Central  Asia, — Indications  of  volcanic  action 
are  said  to  exist  in  Afighanistan,  as  well  as  in  the  Valley  of 
Cashmere ;  but  detailed  and  trustworthy  statements  on  this 
point  are  wanting.  Along  the  southern  flank  of  the  Hima- 
layas, east  of  the  Jumna,  the  nummulitic  (Eocene)  strata, 
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which  here  rise  to  heights  of  7000  feet,  have  been  pierced  by 
repeated  eruptions  of  trappean  lavas — syenite,  porphyry,  green- 
stone, amygdaloidal  basalt,  and  volcanic  ash  or  '  grit,'  passing 
(as  is  so  often  the  case  with  the  early  traps)  into  one  another, 
and  altering  the  marls  and  sandstones  with  which  they  come 
into  contact.  These  volcanic  outbursts  probably  date  from 
the  early  Tertiary  period  in  which  the  great  Himalayan  range 
(as  well  as  its  prolongation  in  the  Caucasus  and  the  European 
Alps)  was  upheaved  by  many  thousand  feet  The  fracture- 
lines  through  which  the  eruptions  burst  are  parallel  to  the 
strike  of  the  stratified  and  schistose  rocks  of  the  Himalayan 
range  and  their  numerous  flexures.  Sulphuretted  springs  and 
de|K)sits  of  travertin  occur  in  the  same  localities. 

The  province  of  Cutch,  south  of  the  Delta  of  the  Indus,  is 
certainly  in  great  part  volcanic.  According  to  Captain  Grant, 
compact  and  cellular  basalt,  with  scoriae,  aboimds  there ;  and 
in  the  Doura  range  is  an  extinct  volcanic  mountain  with  an 
irregular  crater,  which  is  even  said  to  have  been  in  eruption  in 
1819,  while  at  the  same  time  a  formidable  earthquake  disturbed 
the  neighbouring  country.  Other  indications  of  recent  erup- 
tions occur  in  the  vicinity,  and  may  help  to  account  for  the 
remarkable  oscillations  of  surface-level  which  are  known  to 
have  taken  place  in  the  extensive  low  tract  adjoining,  called 
the  Runn  of  Cutch,  especially  during  the  above-mentioned 
earthquake  of  1819.     (See  Lyell^s  '  Principles.') 

In  the  central  and  western  portion  of  the  Great  Indian 
Peninsula  a  vast  extent  of  country  has  been  deluged  by  basaltic 
lavas,  which  alternate  with  a  freshwater  deposit  (probably  of 
Eocene  age),  usually  calcareous.  The  basalt  forms  elevated 
plateaux,  hundreds  of  miles  in  extent,  and  seems  to  have 
flowed  to  vast  horizontal  distances,  in  repeated  sheets,  over  the 
bottoms  of  shallow  tertiary  lakes ;  but  from  what  particular 
vents  does  not  appear,  as  no  cinder-cones  or  craters  are  re- 
ported to  exist  there.  The  basalt  is  often  amygdaloidal,  con- 
tains much  augite,  and  is  occasionaUy  nodular  in  structure 
rather  than  columnar.  It  has  altered  many  of  the  sandy  beds 
on  which  it  reposes,  or  among  which  its  dykes  have  pene- 
trated, into  jasper  and  other  metamorphic  substances.  (Hislop 
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and  Hunter  on   Ndgpur  district,   Quart.  Joum.  Geol.  Soc. 
vol.  xi.  p.  370,  &c.     Sykes,  Geol.  Trans,  vol.  ii.  2nd  ser.) 

M.  de  Ferussac  and  Baron  Humboldt  have  collected  from 
various  historical  sources  more  or  less  obscure  indications  of 
the  existence  of  volcanos  in  Central  Tartary  and  China,  be- 
tween the  Altai  and  Himalaya  ranges.  The  great  east  and 
west  range  of  Tiantschan,  connecting  the  Altai  with  the  Kuen- 
lun,  and  through  this  with  the  elevated  plateau  of  Persia,  is 
said  by  the  latter  to  be  chiefly  volcanic.  One  volcanic  moun- 
tain, called  Peschan,  is  especially  mentioned  as  sending  forth 
perpetually  "  fire  and  smoke,  and  melted  stone  which  hardens 
as  its  cools '' —  the  expression  employed  by  a  Chinese  annalist. 
Flames  are  also  described  as  rising  from  another  mountain, 
called  Ho'tekeou,  near  Tourfan,  420  miles  further  eastward. 
Sulphur  and  sal  ammoniac  are  collected  in  the  same  range^ 
and  in  that  of  the  Altai.  But  so  little  is  really  known  of  the 
geology,  or,  indeed,  the  geography  of  this  portion  of  Asia,  that 
it  is  unnecessary  to  dwell  upon  the  slight  amount  of  informa- 
tion to  be  gleaned  from  these  sources.  There  is,  however,  no 
reason  to  doubt  the  facts  reported,  which  arc  chiefly  remark- 
able from  the  great  distance  of  these  active  volcanos  from 
any  sea.  They  belong,  it  will  be  seen,  to  the  great  inland- 
lake-basin  of  Central  Asia. 
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An  irregular  string  of  volcanic  vents,  rising,  at  considerable 
intervals,  out  of  the  depths  of  the  Atlantic  Ocean,  may 
be  traced  from  the  extreme  north-east  coast  of  Greenland, 
through  the  islands  of  Jan  Mayen,  Iceland,  the  Perroe  Isles, 
the  Western  Isles  of  Scotland,  the  North  of  Ireland,  the 
Azores,  Madeira,  Canaries,  Cape  Verde  Isles,  Ascension,  and 
St.  Helena,  to  Tristan  d^Acunha,  in  the  latitude  of  the  Cape  of 
Good  Hope ;  thus  maintaining  through  120  degrees  of  latitude 
a  nearly  meridional  direction,  or,  rather,  one  approximatively 
parallel  to  the  outline  of  the  coasts  of  Europe  and  Africa  bor- 
dering the  Atlantic  on  the  east. 
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I  propose  to  notice  these  several  sites  of  eruption  in  the 
order  which  they  present  fix)m  North  to  Soath. 

The  East  coast  of  Greenland  is  said  to  be  of  volcanic  for- 
mation through  many  degrees  of  latitude^  massive  altematiiig 
beds  of  basalt  and  basaltic  conglomerate  visibly  composing 
its  clifis ;  but  no  active  volcano  has,  I  believe,  been  noticed 
there. 

On  Jan  Mayen^s  Island,  ya  lat.  71"  N.,  two  volcanos  were 
observed  by  Scoresby  in  actual  eruption.  Their  lavas  are  de- 
scribed as  basaltic. 

Iceland, — This  large  island,  six  degrees  south  of  Jan  Mayen, 
is  remarkable  for  the  extensive  scale  on  which  its  volcanic 
activity  has  been  developed, — its  whole  area,  which  is  con- 
siderably larger  than  that  of  Ireland,  being  exclusively  cmn- 
posed  of  volcanic  rocks,  and  more  than  twenty  of  its  moun- 
tains having  been  witnessed  in  active  eruption  within  the 
historical  period.  Indeed,  no  district  in  Europe  or  Africa 
can  be  compared  to  it  in  this  respect.  The  only  parallels  must 
be  sought  upon  the  eastern  or  western  coasts  of  the  Pacific 
Ocean. 

The  lavas  produced  by  the  Icelandic  volcanos  are  partly 
trachytic,  partly  basaltic.  Probably  the  greater  number  should 
be  placed  in  the  intermediate  class  of  greystones.  Some  are 
wholly  vitreous,  t.  e,  obsidian  or  pitchstone.  As  is  very  fre- 
quently the  case  among  volcanic  islands,  a  large  portion  of  its 
area  consists  of  horizontal  platforms  of  basalt,  showing  repeated 
beds  one 'above  another  separated  by  more  or  less  of  scoriae- 
conglomerate  wherever  erosion  has  penetrated  the  sur&ce, 
which,  in  the  case  of  Iceland,  the  sea  has  effected  in  a  multitude 
of  deep  fiords  similar  to  those  which  pierce  the  neighbouring 
granitic  coasts  of  Scotland  and  Norway.  Probably  these  vast 
basaltic  lava-streams  were  poured  out  beneath  the  sea,  and  have 
been  since  raised  above  it,  and  fissured,  by  slow  action  of  the 
elevatory  subterranean  forces.  They  compose  the  north-west- 
ern and  south-eastern  portions  of  the  island.  The  central  or 
intervening  district  is  chiefly,  but  not  exclusively,  trachytic. 
It  is  in  this  that  we  find  the  greater  number  of  volcanic 
mountains  which  have  been  eruptive  within  the  ten  centuries 
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embraced  by  the  records  of  the  island.  These  active  vents 
seem  to  be  ranged  upon  two  parallel  lines  traversing  the 
island  fix)m  north-east  to  south-west^  and  having  a  great  lon- 
gitudinal trough-shaped  valley  between  them. 

As  might  be  expected  in  that  northern  latitude^  where 
scarcely  an  eruption  can  ever  occur  without  bringing  molten 
lava  and  heated  sconce  into  contact  with  vast  masses  of  snow 
and  ice,  a  large  proportion  of  the  formations  of  Iceland  con- 
sists of  conglomerates,  formed  by  the  tumultuous  rush  of  floods 
from  the  eruptive  heights  carrying  along  enormous  quantities 
of  alluvial  matter,  which  they  spread  in  wild  confusion  over 
the  lower  levels,  filling  up  some  valleys  and  excavating  others. 
Within  the  earlier  conglomerates  are  interbedded  layers  of 
Surturbrand — a  variety  of  lignite ;  leading  to  the  supposition 
that  vegetation  was  more  abundant  in  former  times  than  it  is 
at  present  in  any  part  of  the  island — unless  it  be  supposed 
that  the  wood  was  drifted  across  the  Atlantic,  which  is  the 
case  to  a  considerable  amount  in  the  present  day. 

The  Icelandic  eruptions  that  are  on  record  have  proceeded 
from  some  twenty  or  more  different  vents,  all  of  them  in 
distinct  mountains  in  various  parts  of  the  island ;  chiefly,  how- 
ever, within  the  limits  of  its  central  trachytic  portion.  Hecla, 
perhaps,  has  been  the  most  frequently  eruptive,  but  is  not 
the  loftiest  volcano,  its  summit  being  only  4800  fe^  above  the 
sea.  Its  lavas  are,  for  the  most  part,  highly  vitreous,  some- 
times consisting  entirely  of  obsidian  or  pumice,  according  as 
the  rock  is  vesicular  or  compact. 

The  recorded  eruptions  of  Hecla  occurred  in  a.d.  1004, 
1137, 1222, 1300,  1341, 1362,  1389,  1538,  1619,  1636,  1693, 
1766-8,  and  1845.  Since  the  last  date  it  has  been  tranquil. 
Those  from  other  volcanos  are  the  following  : — ^The  Kotlugja 
Jokul  was  in  eruption  a.d.  900, 1245, 1262, 1416,  1580, 1625, 
1660,  1721,  and  1755,  the  date  of  its  last  paroxysm.  In 
1340  an  eruption  occurred  near  Beikianes,  from  a  volcano 
which  had  also  been  active  from  1222  to  1240.  In  1563  an 
eruption  was  observed  from  the  sea  at  a  great  distance  off  the 
west  coast  In  1716  one  took  place  from  the  Lake  Grimwatn; 
in  1720  and  1822  from  EyafiaUa  Jokul.     From  1724  to  1730 
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Mount  Krabla  was  in  vehement  emption ;  Orcsfa  in  1332  and 
1862,-  Trolladyngia  in  1150,  1188,  1359,  and  1510;  Thring- 
valla-hraun  in  1510  and  1587.  In  1788  Skaptar  Jokul  broke 
out  with  still  greater  violence.  Others  of  leas  note  are  also 
mentioned  by  the  early  chroniclers  of  the  island. 

These  several  eruptions  were  usually  characterized  by  the 
ejection,  from  a  vent  opened  on  the  summit  or  flank  of  the 
mountain,  of  vast  quantities  of  scorise  or  pumice  and  fine  ash, 
during  a  term  of  many  days,  weeks,  or  months,  by  which  the 
face  of  the  country  was  covered,  and  even  greater  damage  in- 
flicted on  the  inhabitants  than  by  the  streams  of  lava  emitted 
at  the  same  time,  though  these  have  often  been  prodigious.  The 
last  great  eruption  of  Hecla  in  1845  was  an  example  of  this 
kind.  It  had  previously  been  tranquil  for  nearly  eighty  years. 
The  mountain  lost  on  this  occasion  500  feet  in  height — so  much 
of  the  summit  having  been  blown  away  by  the  explosions  j  and 
the  lava-stream  that  flowed  from  it  reached  a  distance  of  ten 
miles,  with  a  thickness  of  from  50  to  80  feet.  Its  surface  is 
described  as  Assured  into  rude  blocks  arranged  in  longitudinal 
ridges.  The  sides  of  its  fumarol^  were  found  to  be  coated 
with  muriate  of  ammonia  in  large  quantities,  together  with  an 
abundance  of  muriate  of  iron*.  The  fumaroles  of  the  crater 
still  deposit  much  sulphur. 

One  of  Hie  most  terrible  eruptions  that  have  occurred  in 
modem  times  in  Iceland  was  that  of  Skt^ptar  Jokul  in  1783. 
Its  principal  phenomena  have  been  already  mentioned  in 
a  former  chapter  (p.  82). 

The  latest  great  Icelandic  eruption  proceeded  from  the 
Kotlugja  volcano  in  May  1860,  and  is  described  by  Dr.  Lauder 
Lindsay  in  the  '  Edinburgh  New  Philosophical  Journal '  for 
January  1861  (see  p.  213,  supra).  This  volcano  has  been 
fifteen  times  in  eruption  since  the  year  900.  The  name  im- 
plies ^'  the  great  fissure  of  KotV  and  is  derived  from  a  vast 
cleft  (or  Baranco),  resembling  a  deep  valley,  which  penetrates 
the  north-east  shoulder  of  the  mountain,  whose  proper  name 
is  Myrdals  Jokul.  The  mountain  has  no  other  crater  but 
this  fissure — "  which  indeed,^'  says  Dr.  L.  Lindsay,  "  has 
♦  Desdoizeaux.  quoted  by  Dufr^noy,  1846,  M6m.  de  TAcad-desScL 
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been  seen  by  but  few  individuals^  and  that  at  a  distance '' — 
so  inapproachable,  from  the  ruggedness  of  the  country,  are 
the  environs  of  some  of  these  volcanic  heights.  Henderson 
calls  this  chasm  a  tremendously  yawning  crater,  distinctly 
visible  sixty-five  miles  off  I  Snow,  ice,  smoke,  and  steam 
are  said  to  prevent  any  near  approach.  During  an  eruption 
of  Myrdals  Jokul  in  1580,  the  mountain  is  reported  to  have 
been  rent  asunder.  This  was  probably  the  origin  of  the  great 
crater-chasm  in  its  side,  since  called  Kotlugja — a  kind  of 
Baranco-crater. 

The  most  characteristic  phenomena  of  these  Icelandic  erup- 
tions are  the  floods  of  ice,  and  bergs,  and  heated  water  bearing 
along  rocks  and  stones, 

....''  stirpesque  raptas 
£t  pecora  et  domos 
Secum  revolventes," 

which  they  let  loose  from  the  mountains,  and  cover  vast  sur- 
faces of  the  country  with  wreck.  Dr.  Lindsay  explains  with 
clearness  the  character  of  these  fire-  and  ice-floods  : — "  The 
volcanic  heat  melts  that  part  of  the  icy  mantle  of  the  Jokul 
which  is  in  immediate  contact  with  the  soil ;  its  adhesion  is 
loosened,  and  a  stratum  of  water  formed,  which  helps  to  break 
it  up  and  to  float  down  the  sides  of  the  mountain  the  super- 
incumbent ice.^'  The  devastating  effect  of  such  sudden  floods 
may  well  be  conceived ;  they  not  only  heap  up  vast  volumes  of 
conglomerate  on  the  plains  below,  but  also  tear  up  and  score 
the  mountain  with  ravines  of  proportionate  size,  groove, 
striate,  and  polish  its  hardest  rocks  with  the  rolling  ice  and 
stony  flood,  and  add  miles  of  new  land  to  the  coast-line.  When 
we  add  to  this  the  dense  showers  of  scoriae  and  ash  that  fall 
continuously  for  days  together  from  the  air,  into  which  they 
are  ejected  by  the  volcano,  and  the  torrents  of  seething  lava 
,  that,  issuing  from  its  entrails,  rush  down  the  slopes  in  con- 
junction with  the  ice  and  water  debacles,  and  cover  many 
square  miles  of  surface  with  sheets  of  solid  rock,  it  is  evident 
that  few  more  powerful  agents  of  superficial  change  can  be 
imagined  among  aU  the  living  forces  of  Nature. 

At  the  commencement  of  the  eruption  from  Kdtlugja  in 
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1755,  the  earth  itself  is  said  to  have  fluctuated  like  an  agi- 
tated  ocean^  and  the  sea  participated  in  the  commoticm^  to 
the  serious  damage  of  the  shipping.  After  the  rocking  had 
continued  for  some  time^  an  exceedingly  loud  detonation 
was  heard,  and  immediately  fire  and  water  (melted  anow^  or 
lake-water)  were  observed  to  be  flung  up  firom  three  aper- 
tures in  the  volcano^ — the  column  of  fire  (red-hot  flcoris) 
reaching  so  high  as  to  be  seen  nearly  200  miles  distant^  and  the 
air  darkened  around  to  an  equal  extent  with  smoke  and  ashes. 
This  eruption  was  remarkable  as  being  contemporaneous  with 
the  great  earthquake  of  Lisbon.  It  is  said  to  have  begun  on 
the  19th  of  October,  1755,  and  to  have  continued  until  August 
of  the  next  year.  The  earthquake  of  Lisbon  occurred  at  half- 
past  nine  in  the  morning  of  the  1st  of  November,  1755,  or 
eleven  days  subsequently, — an  apparent  difference,  perhaps 
only  owing  to  the  one  being  reckoned  by  old,  the  other  by 
new  style.  If  this  be  so,  we  may  infer  that  the  Lisbon  earth- 
quake gave  the  signal  for  that  which  let  loose  the  fires  of 
the  great  Icelandic  caldron,  or,  rather^  that  the  same  impulse 
occasioned  both  phenomena.  Nor  is  the  idea  in  the  least  in- 
credible, since  it  is  well  known  that  oscillatory  movements  in 
the  waters  of  the  lakes  of  Switzerland  and  those  of  the  north- 
em  Highlands  of  Scotland  (half-way  towards  Iceland)  evinced 
the  sympathy  of  those  distant  portions  of  the  earth's  crust 
with  the  subterranean  commotion,  whose  central  point  of 
disturbance  seemed  to  be  in  the  Atlantic,  westward  of  the 
mouth  of  the  Tagus. 

The  last  eruption  of  this  same  volcano  in  1860  began,  as 
usual,  with  local  earthquakes ;  then  a  dark  column  of  vapour 
and  ashes  was  seen  to  rise  from  it,  and  floods  of  water,  ice, 
rocks,  and  lava  poured  down  the  valley  leading  firom  the  great 
gorge.  By  night,  a  fountain  of  balls  of  fire  (bombs)  rose  to  a 
height  calculated  at  24,000  feet,  since  it  was  seen  180  miles  • 
ofi*  at  sea.  Many  of  these  volcanic  bombs,  it  is  said,  were 
seen,  and  heard  bursting  in  the  air  with  a  loud  detonation,  fit)m 
a  distance  of  100  miles.  They  must  therefore  have  been  of 
large  size,  as  well  as  thrown  up  to  a  vast  height.  Their  burst- 
ing there  is  rendered  highly  probable  by  the  fact  that  firag- 
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mciits  of  volcanic  bombs^  evidently  having  this  origin^  are 
occasionally  found  near  eruptive  vents ;  and  if  we  suppose  the 
surface  of  the  globular  mass  of  liquid  lava  to  be  consolidated 
as  it  rises  with  a  rotating  movement  to  a  great  height  in  the 
air^  the  expansion  of  the  contained  gases  in  the  rarefied  atmo- 
sphere in  which  it  finds  itself  at  its  extreme  height  is  very 
likely  to  cause  the  bursting  of  the  shell  with  a  loud  explosion. 

The  mountains  of  the  central  portion  of  Iceland  are  said  to 
consist  in  great  part  of  Palagonite-tuflF — a  peculiar  trachytic 
conglomerate^  stratified^  and  often  fissile  like  shale  (as  many 
tuffs  are  in  other  countries)^  enclosing  firagments  of  amygda- 
loidal  and  other  trap-rocks^  pumice^  with  infusoria  and  minute 
shelly  fragments^  proceeding  probably  from  crater-lakes. 

The  lava-currents  of  Iceland  are  described  as  exceedingly 
rugged  and  uneven  on  their  surface^  the  jagged  edges  cutting 
like  a  knife.  They  also  frequently  show  parallel  longitudinal 
rents,  caused  probably  by  the  irregular  subsidence  of  the  sur- 
face as  the  liquid  interior  runs  out  to  a  lower  level.  The  great 
rifts  of  Thringvalla  are  the  most  prominent  examples  (see 
p.  77).  Notice  has  already  been  taken  of  the  numerous  boil- 
ing springs  that  are  met  with  in  several  parts  of  the  island^ 
of  which  the  Geysers  are  the  best-known  and  most  imposing^ 
but  by  no  means  the  sole  examples.  I  have  in  a  former 
chapter  dwelt  upon  their  phenomena  and  probable  cause.  It 
is  known  that  many  of  the  Icelandic  lavas  are  blistered  with 
cavities  of  large  size ;  and  Captain  Forbes,  one  of  the  most 
recent  visitors  of  the  Great  Geyser,  states  that  the  ascent  and 
bursting  of  steam-bubbles  within  some  subterranean  cavity 
beneath  the  basin  of  the  Geyser  is  heard  in  loud  and  fr^uent 
detonations,  which  even  shake  the  ground  above,  and  that  this 
occurs  while  the  water  in  the  upper  basin  is  tranquil.  Pro- 
bably, therefore,  it  is  this  internal  ebullition  which  feeds  the 
boiler  beneath  with  fresh  steam  up  to  the  point  at  which  the 
elasticity  of  its  contents  overcomes  the  weight  of  the  column 
of  water  in  the  pipe,  and  brings  about  an  eruption  in  the 
manner  indicated  in  page  149. 

The  volcanic  mountain  Krabla,  in  the  north  of  the  island, 
was  first  known  to  be  in  activity  in  1724.     Since  that  period 


412  ATLANTIC  VOLCANOS. 

it  has  had  four  noted  eruptions,  one  of  which  produced  a 
stream  of  vitreous  lava  (obsidian)  nine  miles  long  and  four  or 
five  wide.     Its  crater  is  now  in  the  condition  of  a  solfatara. 

In  the  vicinity,  as  well  as  in  other  parts  of  the  island,  there 
occur  immense  beds  of  sulphur,  evidently  the  accumulated 
deposits  of  the  vapours  of  sulphuretted  hydrogen,  which  still 
issue  in  abundance  from  crevices  in  the  rocks.  The  sulphur- 
beds  alternate  with  others  of  white  clay,  proceeding  from  the 
aluminous  matter  of  the  decomposed  trachyte. 

Captain  Forbes  gives  an  interesting  account  of  the  great 
sulphur-deposits  near  Kriswick,  on  the  southern  coast, — a 
district  twenty-five  miles  in  length,  covered  with  beds  of  earth 
and  clay  containing  from  fifteen  to  sixty  per  cent,  of  sulphur, 
besides  numerous  extensive  crusts  from  1  to  3  feet  thick  of 
pure  sulphur.  There  is  another  similar  district  to  the  north, 
yielding  almost  as  much  of  this  mineral.  These  recently- 
formed  sulphur-beds  throw  great  light  on  the  origin  of  the 
similar  deposits  of  earlier  age  which  are  found  in  Sicily  and 
elsewhere,  associated  with  tertiary  sedimentary  strata. 

Fiorite  and  siliceous  sinter  are  also  abundantly  deposited  by 
the  hot-springs  of  Iceland — a  fact  which  in  its  turn  suggests 
the  thermo-aqueous  origin  of  the  quartz-veins,  metalliferous 
or  not,  so  numerous  in  the  metamorphic  rocks  of  all  ages. 

Captain  Forbes  describes,  at  one  spot  which  he  visited,  a 
sand  and  cinder  cone  crowned  by  a  dark  vitrified  rampart  of 
lava  resembling  an  old  embattled  turret,  about  600  feet  in  dia- 
meter, which  is  appropriately  called  Elborg,  or  '*  The  Fortress 
of  Fire.''  The  origin  of  such  '  chimney-pot  '-summits  to  a 
volcanic  cone  has  been  spoken  of  (p.  66,  »upra) . 

Ferroe  Isles. — All  the  islands  of  this  group  are  composed 
exclusively  of  flat  platforms  of  basaltic  lava,  superimposed  one 
on  another,  similar  to  the  north-western  and  eastern  portions 
of  Iceland  already  described.  They  belong  apparently,  like 
those,  to  a  very  early  period.  They  were  probably  the  product 
of  submarine  eruptions,  and  have  since  been  raised  above 
the  water-level.  No  traces  of  scoriae-cones  or  of  craters  have 
been  mentioned  by  any  visitors.  Much  of  the  rock  is  amygda- 
loidal,  showing  at  least  that  these  lavas  were  not  produced  at 


FERROE  ISLES — THE  BRITISH  ISLANDS.  413 

BO  great  a  depth  beneath  the  sea  as  to  prevent  the  expansion 
of  the  contained  vapour  into  vesicles.  In  the  upper  surface 
of  some  of  these  rocks  the  vesicles  are  elongated  in  a  perpen- 
dicular direction — a  not  very  uncommon  fact. 

The  British  Islands. — I  extract  from   the  '  North  British 
Review/  No.  Ixix.,  the  following  able  sketch : — 

"  During  the  period  of  the  [deposition  of  the]  Lower  Silu- 
rian rocks  there  were   many  centres  of  eruption  in  North 
Wales,  as  well  as  in  Radnor,  Montgomery,  and  Shropshire, 
from  which  enormous  streams  of  felspathic  lava  and  showers 
of  ashes  and  scoriae  were  ejected.    There  was  also  at  least  one 
focus  of  volcanic  action  north  of  the  Tweed.     Other  points  of 
eruption  may  probably  be  yet  detected.     Vast  sheets  of  lava 
were  then  poured  out,  along  with  dense  showers  of  dust  and 
ashes.     These  materials  consolidated  into  great  ridges   and 
hills,  now  forming  some  of  the  most  conspicuous  hill-ranges 
of  the  country,  as  the  Sidlaws,  the  Ochils,  the  Campsies,  the 
Pentlands,  and  the  hills  of  Kilpatrick  and  Renfrew,  which 
stretch  away  into  Ayrshire.     In  Cumberland  there  are  also 
traces  of  contemporaneous  volcanic  developments.  During  the 
Carboniferous  period  the  subterranean  forces  continued   in 
activity,  but  under  a  somewhat  different  aspect.     Instead  of 
wide-spread  sheets  of  lava  accumulating  into  long  hill-ranges 
that  swept  across  the  country  from  sea  to  sea,  the  eruptions 
became  smaller  in  extent  and  more  local  and  sporadic  in  cha- 
racter.    They  seem  to  have  resembled  those  of  Auvergne  and 
the  Eifel,  to  have  been  in  many  cases  nothing  but  monticules 
of  loose  ash,  with  sometimes  a  narrow  column  of  lava  closing 
up  the  crater.     Such  miniature  volcanos  dotted  a  large  part 
of  Central  Scotland  during  the  middle  ages  of  the  Carboni- 
ferous period.     Professor  Nicol  ascribes  the  strange  trappean 
conglomerates  of  Oban  to  the  age  of  the  Trias. 

'^  In  the  oolitic  group  of  the  Inner  Hebrides  we  encounter 
a  vast  succession  of  old  lava-flows,  now  consolidated  into 
mountain  masses  of  greenstone  and  basalt.  The  area  of  erup- 
tion seems  to  have  been  confined  to  the  district  between  Long 
Island  and  the  western  shores  of  Ross,  Inverness,  and  Argyle, 
a  district  now  occupied  partly  by  the  waters  of  the  Atlantic, 
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partly  by  the  group  of  islands  that  extend  from  the  Minch  to 
the  Linnhe  Loch.  Over  the  rest  of  Scotland,  so  far  as  we 
know,  there  were  no  volcanos  at  this  period,  unless  in  the  case 
of  Arthur's  Seat  at  Edinburgh. 

"  And  now,  in  a  new  r^on,  the  subterranean  forces  found 
for  themselves  a  new  vent,  and  poured  out  once  more  streams 
of  molten  rock — those  great  trappean  hills  which  form  so  con- 
spicuous a  feature  in  the  scenery  of  the  West  of  Scotland. 
In  Skye  and  Ramsay  they  are  oolitic ;  in  Mull,  tertiary — a 
grand  development  of  greenstones,  associated  with  layers  of 
shale.  Rivers  of  molten  rock,  belched  out  from  the  craters  in 
their  neighbourhood,  spread  far  and  wide  over  the  bed  of  the 
sea  and  its  estuaries,  and  over  tracts  of  land  now  wholly  de- 
stroyed. Thick  beds  of  lava  were  piled  over  each  other  to  the 
height  of  several  thousand  feet. 

"  The  massive  dykes  of  the  North  of  England  belong  to  the 
same  eras.  They  occupy  long  rents  and  fissures  in  the  crust 
of  the  earth,  through  which  molten  lava  welled  upwards  from 
the  heated  interior.  Where  visible  now  on  the  surface,  they 
run  over  hill  and  dale  as  long  irregular  mounds,  like  the  ruined 
ramparts  of  some  primeval  Hadrian  or  Antonine.  The  eroded 
chalk  of  Antrim  is  covered  by  the  famous  basalt  of  the  Giant's 
Causeway.  This  igneous  rock  probably  belongs  to  the  same 
age  as  that  which  buried  the  leaf-beds  of  Mull,  in  the  Tertiary 
period."  (See  Lyell's  Manual,  ed.  1855,  p.  181 ;  and  A.  Geikie 
on  the  Chronology  of  the  Traps  of  Scotland,  Trans,  of  Roy. 
Soc.  Edinb.  1861.)  It  is  also  probably  coeval  with  the  trap- 
rocks  of  the  Ferroe  Isles  last  described. 

I  do  not  dwell  further  on  these  and  other  British  examples, 
because  their  details  are  described  in  the  works  of  so  manv 
distinguished  authorities.  It  is  scarcely  necessary  to  say,  that 
no  traces  of  volcanic  action  of  a  recent  character  appear  in 
any  part  of  these  islands. 

Proceeding  southward  along  the  shores  of  the  Atlantic,  we 
meet  with  the  volcanic  formations  of  the  west  coast  of  Por- 
tugal and  Spain,  already  noticed ;  and  at  no  very  distant  in- 
terval the  island  group  of  the  Azores  rises  from  the  depth  of 
the  ocean,  all  of  them  being  entirely  of  volcanic  origin. 
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Azores. — The  lai^est  island  of  this  group,  Ban  Miguel  (of 
which  we  have  a  very  clear  and  fiill  description  by  Dr.  Webster, 
of  Boston),  is  traversed   east   and  west  through  its  whole 
length  by  a  chain  of  high  volcanic  cinder-cones,  few  of  which 
are  united  at  their  base.     They  range  from  1000  to  2000 
feet  in  height.    Many  have  craters,  sometimes  several  miles  in 
circuit,  and  with  lakes  at  their  bottom.     Other  smaller  cones 
are  scattered  on  either  side  of  the  central  chain.     There  ap- 
pears to  be  an  alternation  of  trachyte  and  basalt  among  the 
products  of  these  vents.     Innumerable  basaltic  lava-currents 
may  be  traced  to  the  craters  whence  they  flowed  in  differ- 
ent parts  of  the  island.     At  its  north-western  extremity  is  to 
be  seen  one  remarkable  crater  fifteen  miles  in  circumference 
at  its  rim.     It  has  two  large  lakes  at  its  bottom,  as  well  as  two 
or  three  minor  cones.     The  surroimding  heights  rise  2000  feet 
above  this  base,  at  an  angle  of  about  45°.     These  hills  are 
composed  of  loose  pumiceous  tuff  and  coarse  trachytic  conglo- 
merate— the  ejecta,  no  doubt,  of  the  explosive  eruption  which 
formed  this  vast  caldron.      Bituminized  wood  occurs  abun- 
dantly.    Probably  the  cone  blown  up  by  this  paroxysm  was 
covered  with  forests.    Where  the  mountain  has  been  degraded 
by  the  sea-waves,  indurated  tuff  is  seen   on  many  points. 
When   in  such  positions  looser  beds  alternate  with   lava- 
streams,  vast  caverns  have  been  worn  out  of  the  softer  sub- 
stance.    There  are  hot-springs  on  several  points;  and  near 
Yillafranca  is  a  solfatara,  whose  hot  vapours  deposit  pure  sul- 
phur in  abundance.    A  variety  of  blistered  lava  is  described 
by  Dr.  Webster,  containing  several  large  caves,  from  the  roofs 
of  which  hang,  as  in  many  similar  instances,  pseudo-stalac- 
tites of  lava,  and  branching  projections,  having  a  glaze  on  the 
surface.     No  eruptions  have  taken   place  within  the  main 
island  during  the  historical  period;  but  in  1811,  the  small 
temporary  islet  was  thrown  up  at  a  short  distance  off  the 
coast,  called  '  Sabrina '  by  the  crew  of  the  British  frigate  of 
that  name,  who  witnessed  the  phenomenon.     Like  all  such 
examples,  it  had  a  conical  form  with  a  crater  on  the  sum- 
mit, from  which  steam,  scoriae,  and  ashes  were  vomited  for 
several  days.     Its  extreme  height  was  about  300  feet,  and  its 
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area  a  mile  in  circumference.  At  the  end  of  a  few  weeks  after 
the  explosions  had  ceased  it  was  levelled  again  by  the  waves. 
(See  p.  236,  supra,) 

Near  the  town  of  Villafranca,  another  scoriae-cone  is  stiD 
to  be  seen  rising  from  the  sea.  The  crater  is  yet  Yerj  per- 
fect ;  but  the  external  sloping  beds  of  the  cone,  consisting 
no  doubt  of  loose  materials,  have  been  carried  away  by  the 
force  of  the  waves  beating  against  it ;  and  the  only  parts  that 
remain  are  the  internal  inward-sloping  beds,  which,  being 
probably  more  compacted  by  the  heat  transmitted  from  the 
adjoining  vent,  have  been  able  to  resist  for  a  longer  time  the 
erosive  action  of  the  ocean.  (See  p.  61,  supra.) 

The  island  of  Pico,  another  of  the  group,  consists  of  a  single 
volcanic  moimtain,  which  rises  to  the  height  of  8000  feet 
above  the  sea.  It  is  snow-capped,  but  supposed  to  be  in  per- 
manent activity,  as  vapour  is  always  issuing  from  its  summit. 
This,  however,  may  proceed  from  the  fumarole  of  a  very  active 
solfatara.  It  broke  out  in  a  paroxysmal  eruption  in  1718. 
Its  lavas  are  trachytic.  So  likewise  are  those  of  the  island  of 
Fayaly  which  possesses  a  great  central '  caldera/ 

The  island  of  San  Jorge  was  in  violent  eruption  in  1812, 
when  copious  streams  of  lava  flowed  fix)m  the  flank  of  the 
conical  mountain,  where  a  crater  is  still  visible. 

The  central  portions  of  Terceira  consist  of  trachyte  and 
trachytic  tufl^,  overlaid  by  streams  of  basaltic  lava.  These  are 
often  traceable  up  to  the  craters  whence  they  were  poured 
forth.  Two  or  three  other  islands  of  the  group  are  non- vol- 
canic, consisting  of  stratified  schists. 

Madeira. — Next  in  order  to  the  Azores,  proceeding  south- 
ward, but  rather  nearer  to  the  coast  of  Africa,  the  group  of 
islands  of  which  Madeira  is  the  principal  affords  another  ex- 
ample of  a  great  volcanic  mountain  rising  from  the  depths  of 
the  Atlantic  Ocean. 

The  best  account  extant  of  the  geology  of  Madeira  is  that 
given  by  Sir  C.  Lyell  in  the  last  edition  of  his '  Manual.'  From 
this  the  island  appears  to  be  of  submarine  volcanic  origin,  of 
the  Miocene  tertiary  epoch — tuflfe  and  limestones  with  marine 
shells  and  corals  occurring  on  several  points  up  to  the  height 
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of  1200  feet  above  the  present  level  of  the  sea.  Above  these 
lie  lavas  and  conglomerates  alone,  which  have  every  appearance 
of  having  been  produced  by  snbaerial  eruptions,  principally 
from  a  central  vent ;  the  chief  eminences  of  the  interior  of 
the  island  surrounding  and  marking  the  limits  of  the  prin- 
cipal last-formed  crater.  In  that  central  region,  as  is  usual  in 
the  heart  of  a  volcanic  mountain,  vertical  dykes  abound,  pedb- 
trating  the  more  or  less  horizontal  beds  of  lava  and  scoriae- 
conglomerate,  which  are  partly  trachytic,  partly  basaltic,  or 
greystone.  The  highest  points  in  the  island,  the  Pico  Ruivo 
and  Pico  Torres,  6000  feet  above  the  sea,  are  composed  of  such 
ejected  matters,  strengthened  by  numerous  dykes.  The  remains . 
of  many  cones  of  eruption  are  still  visible  upon  and  about  these 
central  heights,  more  or  less  buried  under  flows  of  more  recent 
lava,  which  seem  to  have  united  into  nearly  level  platforms, 
just  as  happened  on  the  summit  of  the  cone  of  Vesuvius  when- 
ever its  crater  had  been  fiUed  to  the  brim.  (See  p.  187.)  But 
the  lava-beds  on  the  slopes  of  the  mountain  generally  have  an 
inclination  of  10  to  15  degrees,  the  dip  diminishing,  as  is  usual, 
towards  the  base,  where  they  reach  the  sea.  In  these  lower 
positions  there  are  also  several  parasitic  eruptive  cones ;  many 
overwhelmed,  more  or  less,  by  lava-streams  from  the  higher 
levels.  The  aggregate  thickness  of  the  basaltic  beds  alter- 
nating with  their  tuflb,  reaches  to  from  1500  to  3000  feet,  as 
exposed  to  view  on  the  sides  of  a  deep  valley  called  the  Curral, 
which  by  some  geologists  has  been  considered  to  be  a  crater, 
from  its  encircling  ditfs  being  composed  of  beds  sloping  out- 
wardly on  all  sides,  but  by  Sir  C.  Lyell  is  looked  upon  rather  as 
the  result  of  aqueous  erosion.  Probably,  as  in  the  case  of  the 
Yal  del  Bove,  &c.,  both  actions  (eruptive  and  erosive)  have 
united  to  produce  it.  Sir  C.  Lyell  states  that  on  many  points 
masses  of  trachytic  lava  have  filled  up  valleys  worn  through 
earlier  basaltic  rocks,  though  some  of  the  newest  lava-currents 
are,  again,  basaltic.  The  greater  mass  of  the  upper  heights  is 
of  an  augitic  rock  with  much  olivine,  which  he  calls  felspathic 
trap.  Its  structure  is  lai^ly  spheroidal,  especially  shown 
in  its  exposed  and  partly  decomposed  portions.  Some  of  the 
newest  lavas  are  singularly  fresh  in  aspect  and  rough  on  the 
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surface^  so  as  to  excite  astonishment  at  no  record  existiiig  of 
the  eruptions  which  produced  them.  Everything  in  Madeira 
implies  a  long  continuance  of  intermittent  volcanic  activity^ 
chiefly  subaerial^  firom  the  middle  tertiary  period  down  to  a 
very  recent  date. 

The  adjoining  island  of  Porto  Santo  is  of  very  similar  cha^ 
rdcter^  consisting  of  calcareo- volcanic  tuff,  rising  to  1000  feet, 
and  traversed  by  numerous  dykes  of  a  reddish-brown  basalt. 
In  the  centre  of  the  island  is  a  shallow  crater-basin^  contain- 
ing a  sedimentary  freshwater  formation  full  of  recent  land 
and  marsh  shells.  The  tuff-strata  are  covered  at  the  no^h* 
east  part  of  the  island  by  clinkstone,  or  rather,  perhaps,  a 
vitreous  laminated  trachyte  with  numerous  crystals  of  glassy 
felspar.    Dykes  of  the  same  traverse  the  imderlying  tuff-beds. 

The  neighbouring  islet  of  Basco  has  very  much  the  same 
composition.  Its  limestone-beds,  traversed  by  dykes  rising 
to  100  feet  above  the  sea,  contain  numerous  recent  marine 
shells. 

The  Canary  Isles  come  next  in  order  towards  the  south. 
Teneriffe. — This  island  is  one  great  volcanic  moimtain, 
sloping  upwards  from  the  sea-coast  on  all  sides,  at  an  angle  of 
10°  to  14^  to  a  height  of  from  7500  to  9000  feet,  where  the 
slope  is  cut  down  by  a  precipitous  cliff-range,  which  nearly 
surroimds  an  extensive  hollow  circus — the  "Great  Crater.'*  It 
is  of  an  oval  figure,  measuring  eight  miles  by  six.  Prom  near 
the  centre  of  this  depression  rises  the  Peak  proper,  a  cone 
12,200  feet  high  from  its  base,  and  15,000  feet  from  the  sea- 
level.  Its  surface,  where  not  snow-covered,  is  composed  of 
loose  pumice  and  ash,  together  with  streams  of  a  glassy  black 
lava  which  have  flowed  from  the  summit,  where  is  still  to  be 
seen  a  small  ash-cone  and  crater  rising  from  a  convex  plain. 
Attached  to  the  Peak  on  either  side  are  two  other  cones  of 
minor  elevation  (10,000  and  9000  feet  respectively  above  the 
sea),  called  Chahorra  and  Montana  Blanco.  The  former  pos- 
sesses a  much  larger  and  deeper  crater  than  the  Peak,  and  has 
been  more  recently  active.  Its  last  eruption  was  in  1798,  and 
produced  a  stream  of  obsidian.  The  sides  of  Chahorra  have  an 
inclination  of  28°. 
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The  great  outer  crater  is  elliptical.  Its  loDgest  diameter  is 
eight  miles.  The  inner  walls  consist  of  beds  of  lava-rock  and 
conglomerate,  appearing  nearly  horizontal  in  the  cliff-sections, 
but  showing  a  quaquaversal  outward  dip  of  &om  12"^  to  15° 
where  radial  ravines  have  exposed  them.  The  beds  vary  in 
thickness  from  500  feet  to  a  few  inches,  and  are  generally 
composed  of  a  trachytic  lava  and  its  tuff,  though  some  of  the 
rocks  are  more  augitic  and  ferruginous,  passing  through  grey- 
stone  into  basalt.  Grey  stone- lavas  seem,  ou  the  whole,  to 
predominate. 
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The  trachytic  rocks  are  often  minutely  laminated,  and  in- 
tersected occasioaally  with  dykes  of  greenstone  (homblendic 
basalt)  and  of  a  black  obsidian  with  white  crystals  of  glassy 
felspar,  identical  with  the  recent  streams  of  the  Peak.  Some 
of  the  tuff-beds  are  of  a  very  white  pumice-ash.  The  ex- 
ternal flaskB  of  the  old  volcano  are  dotted  with  minor  para- 
sitic ash-cones,  each  of  which  has  given  issue  to  a  current  of 
lava :  these  are  mostly  of  fresh  aspect.  One  wide  opening, 
or  baranco,  penetrates  the  old  crater-walls  to  the  west,  in  the 
direction  of  Chahorra,  whose  lavas  have  nearly  filled  it  up. 
Another  opening,  towards  Orotava,  on  the  north-east,  has 
been  similarly  occupied  by  lavas  that  have  flowed  from  the 
centra]  volcano ;  and  another  large  section  of  the  old  crater's 
lip,  on  the  north-west,  has  been  overflowed  by  these  lavas, 
which  reach  thence  down  to  the  sea.  The  lavas  generally  of 
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Tenerifte  are  superficially  broken  up  into  a  cbaoa  of  bloii 
The  crystals  of  glassy  felapar  are  more  numerous  and  large 
in  the  recent  than  in  the  earlier  lavas.  The  former  general! 
Btretch  from  the  point  of  issue  in  long  narrow  ridges,  lookinj 
like  railway  embaukmeut^.  {Von  Buch,  Lyell,  Piazzi  Smyth.] 


Ptan  of  the  Peak  of  Tenerifie  and  Chabom.  nitli  the  endreUag  olifT-nuige. 
( Prom  the  pholognim  of  a  model  in  relief  ty  Profeeeor  Puni  l^mTtli.) 

Palma. — This  is  an  almost  regularly  conical  volcanic  moun- 
tain up  to  the  level  at  which  it  is  tnmcated  by  the  magni- 
ficent central  crater  or  '  Caldera,'  nearly  two  leagues  in  dia- 
meter and  5000  feet  deep,  encircled  by  precipitous  cUSb,  with 
the  exception  of  one  point,  where  the  hasin  ia  drained  through 
a  great  cleft  (the  Baranco)  into  the  sea.  The  internal  cliflfe 
are  composed  of  alternating  beds  of  basalt  and  conglomerate, 
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which^  though  they  appear  nearly  horizontal  in  the  cliff-sec- 
tion^ dip  away  from  it  on  all  sides  towards  the  base  of  the 
mountain.  These  beds^  as  usually  is  the  case  in  the  central 
masses  of  a  volcanic  mountain^  are  intersected  by  a  network 
of  dykes.  The  lowest  rock  within  the  Caldera  is  trachyte, 
with  its  tuff  and  conglomerate.  It  woidd  seem  therefore  that 
the  earliest  products  of  the  volcano  were  more  felspathic  than 
the  later. 

It  is  well  known  that  Von  Buch,  in  his  volume  on  the 
Canaries,  propoimds  the  opinion  that  the  basaltic  beds  com- 
posing this  mountain  were  suddenly  upheaved  to  the  angle  of 
inclination  which  they  now  exhibit,  by  a  single  impulse  like 
that  which  blows  up  a  bladder,  they  having  been  previously 
horizontal.  I  will  not  here  repeat  the  grounds  on  which  I 
consider  this  hypothesis  wholly  untenable,  as  it  is  evidently  in 
direct  opposition  to  the  normal  laws  of  volcanic  action  repre- 
sented in  this  volume.  Sir  C.  Lyell  deals  admirably  with  the 
question  as  relates  to  Palma,  and  amply  refutes  the  Upheaval 
doctrine  of  Von  Buch  as  applied  to  it.  (Manual,  1855,  p.  498.) 
I  am  satisfied  that  Palma,  on  the  contrary,  offers  a  model 
type  of  an  insular  volcano,  chiefly  subaerial,  truncated  and 
hollowed  out  by  a  paroxysmal  eruption,  and  drained  through 
a  principal  radial  fissure  which  torrents  and  debacles  have 
since  greatly  enlarged,  as  in  many  other  cases.   (See  p.  211.) 

The  island  of  Great  Canary  resembles  Palma  in  many  re- 
spects. It  is  almost  exactly  circular  in  outline,  and  has,  like 
Palma,  a  vast  yawning  central  crater,  showing  trachyte  at  the 
bottom,  overlaid  first  by  tuff,  and  then  by  repeated  beds  of 
greystone  and  basalt,  with  their  respective  conglomerates- 
all  sloping  outwards  with  the  usual  quaquaversal  dip  of  lava- 
streams  that  have  flowed  from  the  central  or  axial  vent  of  a 
volcanic  mountain. 

Fuertaventura  and  Lancerote. — These  two  elliptical  islands 
lie  end  to  end,  having  their  longer  axes  in  the  same  N.N.W.- 
S.S.E.  line, — Lancerote  being  the  nearest  of  the  whole  group 
to  the  African  coast,  from  which  it  is  only  distant  twenty-eight 
miles.  They  are  both  entirely  volcanic,  and  studded  by  a  vast 
number  of  cones,  the  highest  of  which  attains  2740  feet. 


422  ATLANTIC  VOLCANOS. 

M.  Hartung,  who  visited  and  described  the  island  of  Lan- 
cerote  in  detail^  divides  its  volcanic  formations  into  four 
classes : — 1st,  and  earliest,  syenitic  greenstone^  trachyte,  and 
basalt,  without  any  scoriaceous  matter,  which  has  been  pre- 
sumably carried  off  by  denudation ;  2nd,  3rd,  and  4th,  basaltic 
formations  of  different  ages — the  earliest  showing  heaps  of 
scoriae  of  some  magnitude,  but  no  perfect  cones  or  craters; 
the  next  in  age  exhibiting  very  clearly  cones,  craters,  and 
currents  of  basaltic  lava  proceeding  from  them ;  the  fourth 
consisting  of  the  products  of  the  series  of  eruptions  which,  in 
the  years  1730-36,  riddled  the  island  with  vents  opened  suc- 
cessively on  a  fissure  running  nearly  its  entire  length,  and 
covered  one-third  of  its  surface  at  least  with  the  lava-floods 
to  which  they  gave  issue.  The  highest  of  these  recent  cones 
is  the  Montagna  di  Fuego,  1750  feet.  It  still  emits  both 
smoke  and  steam  from  its  summit-crater;  and  the  ground 
there  is  so  hot,  that  a  stick  thrust  into  a  crevice  2  feet  deep 
is  drawn  up  charred  at  the  end.  In  1824  another  eruption 
took  place  a  little  to  the  east  of  the  Montagna  di  Fu^o,  but 
of  no  very  violent  character.  The  general  strike  of  the  strings 
of  eruptive  vents  of  all  ages  is  the  same,  and  corresponds  with 
the  longer  axis  of  the  two  islands.  So  much  is  this  the  case, 
that,  according  to  Von  Buch,  to  an  observer  standing  on  the 
summit  of  the  Montagna  di  Fuego,  the  adjoining  cone  covers 
those  farther  off.  There  are  more  than  forty  in  all.  The 
lavas  expelled  from  them  mingled  into  a  continuous  horizontal 
sea  of  basalt,  serving  as  an  example  of  the  mode  in  which 
many  of  the  earlier  traps  were,  no  doubt,  produced — extensive 
surfaces  being  flooded  by  the  abundant  lava-streams  emitted 
contemporaneously,  or  nearly  so,  from  numerous  independent 
but  contiguous  openings ;  beds  of  scoriae  and  ash,  separating 
the  successive  flows,  being  the  result  of  the  accompanying 
explosive  ejections.  The  eruptions  in  this  case  were  un- 
questionably subaerial — a  fact  worthy  the  notice  of  those  geo- 
logists who  are  inclined  to  ascribe  all  flat  extenuve  beds  of 
trap-rock  exclusively  to  subaqueous  volcanos. 

It  is  evident  that  these  outbursts  of  lava  and  steam  occurred 
from  orifices  successively  opened  upon  a  fissure  traversing 
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the  island  in  its  length.  Such  fissures  were^  indeed^  seen  to 
open  by  the  inhabitants  at  the  commencement  of  the  erup- 
tions, accompanied  by  fearful  earthquakes. 

Tlie  lavas  are,  as  has  been  said,  basaltic,  and  contain  much 
olivine,  the  nodules  of  which  are  as  large  as  a  man^s  head  near 
the  source,  but  lessen  in  size  as  the  stream  is  traced  farther, 
until  they  are  broken  up  into  fine  granular  fragments. 

The  island  of  Fuertaventura  is  in  all  respects  the  counter- 
part and  continuation  of  that  of  Lancerote,  except  that  the 
more  recent  class  of  eruptive  cones  and  lavas  is  not  of  any 
known  date.  Many,  however,  are  very  fresh  in  aspect,  and 
certainly  subaerial. 

The  older  formations  of  the  two  islands  are  all  covered 
superficially  by  a  calcareous  deposit  similar  to  that  already 
mentioned  (p.  328)  of  Ventotiene  and  other  Mediterranean 
volcanic  isles,  having  its  origin,  I  believe,  in  the  infiltration 
among  sandy  volcanic  ashes,  or  drift  sand,  of  carbonate  of 
lime,  proceeding  from  the  decomposition,  through  a  long 
period,  of  land-shells  in  the  upper  layer  of  vegetable  soil.  A 
similar  stratum  is  described  by  Mr.  Darwin  in  the  isles  of 
Ascension,  St.  Helena,  &c.  The  mollusks,  no  doubt,  obtained 
the  lime  from  the  volcanic  matter  superficially  decomposed  by 
atmospheric  agencies. 

Cape  de  Verde  Isles, — Next  in  order,  proceeding  south- 
wards along  the  west  coast  of  Africa,  we  find  the  group  of 
islands  ofl^  Cape  de  Verde.  All  are,  it  is  believed,  of  volcanic 
origin.  Few  of  them,  however,  have  been  visited  or  described 
by  geologists,  except  the  Pic  de  Fuego  and  St.  Jago.  The 
former  is  at  present  in  activity.  It  appears,  from  the  relation 
of  M.  DuvaUe  (Bulletin  de  la  Soc.  Geol.  iii.  1846),  to  rise  in 
a  very  regular  cone  to  the  height  of  8800  feet  above  the  sea, 
from  within  a  semicircular  crater-clilf,  just  as  Vesuvius  is  half 
embraced  by  Somma.  Numerous  cones  of  scorise  stud  its 
flanks :  the  most  recent  were  thrown  up  by  eruptions  in  1785 
and  1799. 

St.  Jago  has  been  in  part  described  by  Mr.  Darwin.  He 
speaks  of  a  range  of  coast-hills  about  600  feet  high,  with  flat 
summits,  having  steep  escarpments  towards  the  interior  of  the 
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island^  which  they  almost  encircle^  but  witli  intervals  (tliat  is 
to  say,  valleys)  radiating  outwards  between  them.    Th^  have 
all  a  gradual  outward  slope  towards  the  sea^  and  are  com- 
posed of  basaltic  beds  of  an  early  aspect^  partly  decomposed 
and  in  the  state  of  wacke^  associated  in  places  with  calcareous 
strata.     These  beds  rest  upon  '^  a  compact,  fine-grained,  fer* 
ruginousj  felspathic,  imstratified  rock,  generally  in  a  state  of 
decomposition,  appearing  indeed  like  baked  day,  or  an  altered 
sedimentary  deposit,  yet  containing  all  the  elements  of  tra- 
chyte^'— probably  a  trachytic  tuflF  more  or  less  altered.    From 
this  description  the  hills  would  seem  to  be  the  remnants  of  a 
vast  crater-ring,  belonging  to  a  very  early  age.    In  the  interior 
of  this  circuit,  towards  the  centre  of  the  island,  rise  many  higher 
and  more  or  less  peaked  volcanic  mountains,  from  which  have 
flowed  numerous  lava-streams  towards  the  sea,  through  the 
valleys  that  separate  the  segments  of  the  older  mass  already 
described.     Having  threaded  these  defiles,  they  expand  into 
basaltic  plains,  often  themselves  cut  up  by  wide  valleys  with 
low  clifi-formcd  sides,  showing  sections  of  basaltic  lava  resting 
upon,  and  in  places  intimately  mixed  with,  a  calcareous  marine 
deposit.     Some  more  recent  eruptions  appear  to  have  broken 
out  from  these  coast-plains,  as  shown  by  scorise-cones — not, 
however,   of  very   fresh   aspect.     Mr.  Darwin  describes  one 
of  these  (Signal-Post  Hill),  where  the  generally  horizontal 
beds  of  lava  and  calcareous  matter  dip  doumwards  under 
the  cone.      It  would  seem  that  a  certain  amount  of  eleva- 
tion in  mass  has  afiected  this  island  since  or  during  its  latest 
eruptions. 

I  know  of  no  detailed  report  as  to  the  other  islands  of  this 
group.  Judging,  however,  by  the  excellent  Admiralty  Charts 
of  Captain  Yidal,  they  are  all  volcanic,  and  contain  numerous 
cones  with  craters  on  their  summits.  The  two  most  northern 
islands,  St.  Antonio  (7000  feet)  and  San  Vicente,  certainly 
appear  to  possess  each  a  vast  central  crater  encircled  by  the 
highest  hill-ranges  of  either  island. 

A  few  degrees  further  south,  in  lat.  11°  N.,  the  small  group 
of  islands  called  Los,  close  to  the  coast  of  Sierra  Leone,  are 
reported  to  be  volcanic,  as  well  as  a  considerable  mountain* 
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range^  called  Loma,  in  the  interior  of  this  part  of  the  con- 
tinent,  in  which  both  the  Niger  and  the  Senegal  Bivers  are 
supposed  to  have  their  source. 

Again,  near  the  mouth  of  the  Calabar  Biver,  in  the  Bight 
of  Benin,  the  group  of  islands,  of  which  Fernando  Po  is  the 
most  northern,  and  Annobon  the  furthest  south,  are  likewise 
of  volcanic  origin ;  and  on  the  mainland  adjoining,  one  of  the 
Cameroon  Mountains y  said  to  be  13,000  feet  high,  was  seen  in 
eruption,  and  emitted  a  stream  of  lava,  in  1838. 

Further  to  the  westward,  and  more  directly  in  the  line  of 
insular  volcanos  we  have  been  tracing,  we  arrive  at  a  region  of 
the  Atlantic  close  upon  the  Equator,  and  in  &om  20°  to  22°  of 
W.  long.,  which,  from  appearances  that  have  been  frequently 
witnessed  by  persons  in  vessels  passing  across  the  spot,  is 
certainly  a  site  of  frequent  submarine  volcanic  eruptions. 
Earthquake-shocks  (sensible  to  the  crews  of  sailing-vessels), 
the  rise  of  columns  of  smoke,  fire,  and  ash,  floating  scori», 
and  the  discoloration  of  the  superficial  water,  are  the  phe- 
nomena observed  on  several  occasions,  and  only  to  be  explained 
on  this  supposition.  (See  p.  237.)  This  point  is  almost  inter- 
mediate between  the  two  nearest  projections  of^the  continents 
of  Africa  and  S.- America. 

At  a  short  distance  to  the  south,  the  island  of  Ascension 
rises  from  the  bosom  of  the  Atlantic.  As  to  this  island,  we 
have  the  advantage  of  Mr.  Darwin's  observations  (Volcanic 
Islands).  It  is  wholly  volcanic.  The  component  rocks  are  in 
great  part  trachytic,  especially  the  central  and  lowest  masses. 
These,  however,  are  overlaid  with  black  and  rugged  streams 
of  basaltic  lava,  which  can  generally  be  traced  to  cones  of  red 
scoriae,  all  opened  towards  the  south-east,  whence  the  trade- 
winds  blow.  The  principal  elevation  in  the  island.  Green 
Mountain  (2800  feet),  has  a  large  elliptical  crater  on  the 
north-east,  with  perpendicular  sides  400  feet  high,  whence 
probably  were  shot  out,  in  one  of  its  latest  paroxysms,  the 
numerous  loose  fragmentary  masses  of  pumice,  trachyte,  ba- 
salt, scoriae,  volcanic  bombs,  and  some  fragments  of  granite, 
which  are  profusely  scattered  over  the  surface  of  the  island. 

Much  of  the  trachyte  is  a  white,  earthy,  highly  porous 
variety,  resembling  the  white  trachyte  of  Ponza,  with  sili- 
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ceous  veins.  Much  also  is  laminated,  and  passes  into  obsi- 
dian through  pitchstone  and  pearlstone.  The  ssones  of  glassv 
obsidian  pitchstone  and  pearlstone  alternate,  and  the  latter 
becomes  crystalline, — the  globidar  concretions  or  sphemlites 
multiplying  till  they  compose  the  whole  rock,  in  which  felspar- 
crystals  then  show  themselves.  These,  as  well  as  the  sphera- 
lites,  have  been  dragged  out,  by  the  motion  of  the  lava,  into 
laminae,  often  contorted  into  innumerable  flexures  resembling 
those  of  gneiss  or  some  slates.  Ultimately  the  rock  becomes 
wholly  lithoidal,  but  stiU  retains  traces  of  the  laminated 
structure.  I  observed  precisely  similar  varieties  of  trachyte 
in  Ponza.  (See  pp.  140  &  329,  supra,  and  Darwin's  Volcanic 
Islands.) 

In  20°  S.  lat.  and  28°  W.  long,  a  small  volcanic  island  rises 
from  the  Atlantic,  called  Trinidad, 

St.  Helena. — ^The  margin  of  this  island,  twenty-eight  miles 
in  circumference,  says  Mr.  Darwin,  is  formed  by  "  a  rude 
circle  or  horse-shoe  of  great  black  ramparts,  composed  of 
basaltic  beds  dipping  seawards,  and  worn  into  clifis  from  a  few 
hundred  to  2000  feet  in  perpendicular  height.''  This  ring  (the 
wreck,  no  doubt,  of  an  enormous  early-exploded  volcano)  is 
open  to  the  south,  and  breached  in  several  other  places,  chiefly 
on  the  east  (i.e.  the  windward)  side.  The  interior  has  been 
nearly  filled  up  by  the  products  of  a  newer  central  volcano, 
which  erupted  felspathic  lavas  only,  and  which  possesses  at 
present  a  vast  summit-crater  with  an  annular  ridge,  attaining 
the  height  of  2750  feet  above  the  sea,  in  some  parts  surmounted 
by  a  parapet  or  wall  perpendicular  on  both  sides,  the  renmant 
of  a  '  chimney-pot '  ring,  like  that  of  Teneriflfe.  Mr.  Darwin 
describes  the  older  beds  of  this  island  as  greatly  decomposed, 
and  traversed  by  an  infinite  number  of  basaltic  dykes,  mostly 
parallel  and  running  in  a  N.N.W.  direction.  They  are 
usually  coated  with  a  thin  layer  of  pitchstone,  and  preserve  a 
remarkable  uniformity  of  thickness  through  great  distances, 
both  vertical  and  horizontal.  They  frequently  take  a  course 
parallel  to  the  strata  of  trachytic  rock  or  conglomerate  which 
in  other  parts  they  cut  through.  In  some  places  the  older 
rocks  have  been  considerably  dislocated  and  tilted  up — a  fact 
very  rarely  to  be  seen  (as  Mr.  Darwin  observes)  in  volcanic 
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districts.  In  the  interior  of  the  central  crater,  especially,  some 
conical  masses  of  clinkstone  occur,  which  seem  to  have  been 
injected  into  fissures  of  the  tuff  and  scoriform  lavas  around, 
whose  beds  appear  to  have  been  more  or  less  tilted  up  by  the 
protrusion  of  these  lava-masses,  probably  in  a  semi-solid  con- 
dition—one not  unusual  with  clinkstone  lavas.  (See  p.  137, 
supra,)  These  are,  apparently,  the  latest  products  of  the 
central  volcano. 

The  surface  of  many  parts  of  the  island,  up  to  the  height  of 
600  feet,  is  coated  with  thin  beds  of  broken  land-shells  of  a 
recent  character,  partly  cemented  together  into  a  brown  sta- 
lagmitic  and  sometimes  oolitic  limestone  by  the  percolation  of 
rain-water,  like  those  of  Lancerote  described  at  p.  422.  The 
upper  beds  contain  the  bones  and  eggs  of  birds.  From  the 
occurrence  of  gypsum  and  salt,  as  well  as  roimded  pebbles,  in 
the  rocks  forming  the  base  of  the  coast-cliffs,  Mr.  Darwin 
considers  that  they  were  formed  beneath  the  sea,  and  con- 
sequently that  the  island  has  sustained  at  some  period  a  cer- 
tain amount  of  elevation  in  mass. 

In  the  interior  of  the  West  of  Afiica,  near  the  Congo  River, 
and  again  fiirther  south,  below  Walvich  Bay,  in  the  province 
of  Damara,  basaltic  mountains  and  other  traces  of  volcanic 
action  are  mentioned  by  some  travellers ;  but  it  will  be  some 
time,  probably,  before  any  authentic  information  is  acquired 
respecting  the  geology  of  these  as  yet  imexplored  r^ons. 

A  group  of  small  volcanic  islands,  the  largest  of  which  is 
called  THstan  d'Acunha,  rises  from  the  middle  of  the  Atlantic, 
in  S.  lat.  37^  S\  It  is  about  six  miles  in  diameter,  and  has  the 
form  of  a  cone,  truncated  at  a  height  of  3000  feet,  with  an 
upper  dome  rising  5000  feet  higher,  or  8300  feet  from  the  sea. 
The  mass  of  the  outer  cone  is  formed  of  augitic  lava  and  tuff 
intersected  by  numerous  dykes.  The  central  dome  or  cone  is 
of  cellular  lava  and  scoriae,  with  ridges  of  lava  radiating  down- 
wards from  the  edge  of  a  summit-crater  a  mile  in  circum- 
ference. This  is,  no  doubt,  a  recent  volcano  thrown  up 
within  the  crater  of  an  earlier  one. 

A  little  further  to  the  south,  an  island  called  GotigVs  is 
also  of  volcanic  origin. 
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In  the  Southern  Ocean,  eastward  of  the  Cape^  we  find  Prince 
Edward's  Island  and  the  Crozet  group  (lat.  46**-47^),  both 
small  conical  hills  with  craters,  whence  streams  of  basalt  haye 
issued. 

Still  further  eastward,  and  nearly  in  the  same  low  latitude, 
Kerguelen's  Land  (examined  by  Sir  James  Ross)  shows  also 
several  cones  with  craters,  some  rising  2600  feet,  surrounded 
by  beds  of  basalt  and  greenstone  intersected  by  numerous 
dykes.  Beds  of  coal  were  observed  between  some  of  these 
trap-rocks. 

Northward  of  this,  and  somewhat  more  to  the  east,  rise  the 
islands  of  Amsterdam  and  St,  Paul,  both  of  which  contain 
craters,  and  have  been  observed  sending  out  vapour  and  fire. 
In  the  former,  beds  of  pumice  have  been  observed.  The 
latter  has  a  circular  crater  a  mile  in  diameter,  having  one 
narrow  opening  to  the  sea,  but  everywhere  else  encircled  by 
steep  cliffs,  while  the  outer  slopes  descend  gradually,  as  usual, 
to  the  sea  around,  except  where  broken  into  cliffs  by  the  waves. 
Sir  C.  Lyell  gives  a  plan  and  sketch  of  it  in  his  '  Manual ' 
(1855,  p.  512). 

Madagascar. — ^There  is  some  reason  to  believe  in  the 
existence  of  active  volcanic  vents  in  this  great  island.  In 
the  Mozambique  Channel,  which  separates  it  from  the  east 
coast  of  Africa,  the  largest  island  of  the  Comoro  group  con- 
tains a  volcano  which  has  generally  been  seen  in  activity. 

Bourbon, — ^Eastward  of  Madagascar,  the  two  islands  of 
Bourbon  and  the  Mauritius  are  entirely  volcanic.  The  first 
was  ably  described  in  the  work  of  M.  Moreau  de  Jonn^s, 
published  as  early  as  1778.  It  consists,  as  regards  the  western 
moiety,  of  the  skeleton  of  a  great  early  volcano,  exhibiting 
the  remains  of  one  or  more  vast  crateral  cavities,  nearly  encir- 
cled by  precipitous  rocks  composed  of  trachyte,  clinkstone, 
and  basalt,  with  their  conglomerates,  which  are  intersected 
by  numerous  dykes  of  the  latter  rock.  All  these  masses  have 
suffered  largely  from  denudation.  The  principal  summit  of  the 
group  (the  Gros  Mome)  rises  nearly  10,000  feet  above  the  sea. 

At  the  eastern  end  of  the  island  is  the  still  active  volcano,  of 
which  several  notices  have  been  given  in  the  body  of  this  work 
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(see  pp.  74, 183,  &;  197).  It  consists  of  a  steep  cone  or  dome 
7000  feet  high,  chiefly  composed  of  beds  of  a  highly  vitreouB 
and  viscous  lava,  which  at  the  time  of  its  greater  eruptions 
has  been  seen  to  flow  rapidly  down  the  slopes  of  the  moantain 
to  the  sea  at  its  foot,  but  in  the  intervals  is  sported  out  in 
continuous  jets  from  vents  on  the  top  of  the  dome,  which  form 
several  small  and  steep  conical  or  pap-shaped  hilloeks,  from 
80  to  160  feet  high,  composed  of  overflowing  waves  or  dob- 
bered  drops  of  highly  viscid  lava,  coagulated  together  like  the 
heap  formed  under  a  guttering  tallow-candle.  The  great  cone 
rises  from  the  centre  of  a  horseshoe-sbaped  ancient  crater- 
ring,  or  'cirque,'  evidently  blown  out  by  some  early  paroxysmal 
eruption ;  and  outside  the  rim  of  this  circuit,  on  the  land- 
aide,  are  several  separate  cones  and  craters,  showing  that  erup- 
tions of  recent  dates  have  not  been  confined  to  the  now  active 
vent,  whence  one  of  great  violence  took  place  last  year.  Its 
lava-current  reached  the  sea,  and  cut  off  all  communication 
between  the  north-eaat  and  south-west  sides  of  the  island. 
The  aeriform  jets  of  this  volcano  are  not  usually  violent ;  they 
throw  up  fine  threads  of  viscid  matter  like  spun-glass,  often  with 
pear-shaped  drops  attached  to  them  like  those  drawn  out  fr«m 
sealing-wax;  and  its  lava  and  scoriie  are  dark-coloured,  highly 
glazed,  ropy,  and  filamentous. 


The  Tolraao  of  Boorbon,  nearly  encireled  bj  the  clUfc  of  aa  ewly  cnim. 
(From  Boiy  da  St.  Vinoent.) 

7%«  Mauritius. — This  island  is  of  an  oval  shape,  and  rises 
from  the  sea  on  all  sides  towards  the  ridge  of  an  elliptic  girdle 
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of  ramparts  composed  of  basaltic  beds^  and  surroanding  a 
crater-like  central  area^  which  numerous  streams  of  modem 
lava  have  almost  filled  up.  In  this  characteristic  figun^ 
indeed^  it  strongly  resembles  St.  Jago^  St.  Helena,  and  several 
other  volcanic  islands  already  described.  The  longer  axis  of 
this  great  crater-ring  measures  at  least  thirteen  mOes.  The 
rampart  has  many  openings^  through  which  the  miore  recent 
lavas  from  the  interior  vents  have  poured  down  towards  the 
sea.  There  are  also  several  fresh-looking  coaes  and  lava- 
streams  that  have  been  thrown  up  on  the  outer  slopes,  and 
some  from  below  the  sea^  especially  around  the  northern 
extremity  of  the  island.  The  earlier  lavas  are  basaltic ;  the 
more  recent  contain  a  larger  proportion  of  felspar ;  and  some 
even  fuse  into  a  pale  glass. 

In  sections  afforded  on  the  banks  of  some  of  the  rivers, 
such  lava-beds,  of  no  great  thickness,  are  seen  piled  one  over 
the  other  in  great  number,  with  layers  of  scori»  between 
them.  The  mountain  called  the  Piton  was  probably  the  chief 
vent  of  these  central  and  latest  eruptions. 
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Western  Atlantic, — Returning  to  the  Atlantic  Ocean,  we 
cannot  but  be  struck  by  the  almost  total  absence  of  any  traces 
of  volcanic  action  on  its  Western  shores,  through  their  whole 
extent  from  Davis's  Straits  to  those  of  Magellan,  with  the  ex- 
ception of  a  small  portion  of  this  vast  space,  viz.  between  the 
10th  and  18th  degrees  of  north  latitude,  where  the  American 
continent  is  reduced  to  a  comparatively  narrow  and  low  isthmus 
by  the  sweeping  recess  of  the  Caribbean  Sea,  the  entrance  to 
which  is  studded  by  a  chain  of  volcanic  islands.  And  not 
only  does  this  non-volcanic  character  apply  to  the  Eastern 
shores  of  both  the  Americas,  from  north  to  south,  but  also 
(with  an  insignificant  exception  which  will  be  shortly  noticed) 
to  their  entire  breadth  likewise,  from  those  shores  up  to  their 
axial  ranges,  the  Rocky  Mountains  and  the  Andes,  which 
border  the  Pacific. 


TRINIDAD GRENADA.  431 

A  general  fact  upon  so  vast  a  scale^  applying^  as  it  does^  to 
an  entire  hemisphere,  cannot  be  looked  upon  as  a  mere  acci- 
dent. It  must  be  the  result  of  some  general  law ;  and  seems 
to  afford  a  strong  confirmation  of  the  suggestion  made  in  the 
body  of  this  work  (p.  273),  that  volcanic  vents  act  as  safety- 
valves  to  a  certain  geographical  area  around  or  on  one  side  of 
them,  permitting  the  outward  escape  of  the  same  subterra- 
nean heat  or  heated  matter,  with  little  or  no  superficial  dis- 
turbance; while  in  neighbouring  areas,  where  no  such  vents 
have  been  formed,  the  subterranean  expansive  force  has  ele- 
vated the  overlying  strata  in  wide  continental  masses  above 
the  mean  level  of  the  earth's  surface. 

Volcanos  of  the  Caribbean  Sea. — ^The  islands  of  the  West 
Indian  Archipelago  are  generally  classed  as  the  Greater  and 
the  Lesser  Antilles.  The  former  consist  of  the  four  large 
islands,  Cuba,  Jamaica,  St.  Domingo,  and  Porto  Rico,  which 
form  two  parallel  elevated  ranges,  stretching  from  the  north- 
eastern extremity  of  Yucatan,  at  the  mouth  of  the  Gulf  of 
Mexico,  eastwards  towards  the  Atlantic,  where  the  chain  of 
smaller  islands,  called  the  Lesser  Antilles,  meets  them  almost 
at  a  right  angle,  running  thence  southwards  to  the  coast  of 
Venezuela  in  the  South  American  continent.  The  first,  or 
east  to  west  islands,  are  composed  chiefly  of  plutonic  cry- 
stalline rocks  and  sedimentary  strata  of  the  secondary  and 
tertiary  periods.  In  Jamaica  and  Porto  Rico  alone  have  true 
volcanic  (trap)  rocks  been  noticed.  The  latter,  or  north  to 
south  islands,  are  for  the  most  part  of  comparatively  recent 
volcanic  origin  \  and  several  of  them  contain  habitually  active 
vents.  They  consist  of  the  following,  commencing  from  the 
south : — 

1.  Trinidad. — ^Although  the  main  portion  of  this  island  is 
granitic — a  prolongation  of  the  elevated  east  to  west  con- 
tinental coast-range  of  Caraccas  (so  liable  to  earthquake  move- 
ments)— Professor  Jukes  observed  in  it  black  lava-rocks  asso- 
ciated with  sandstone  strata  containing  recent  shells.  Its  well- 
known  pitch-lake  and  mud- volcanos  also  indicate  that  it  par- 
tially overlies  a  volcanic  fissure. 

2.  Grenada. — The  mountain  called  Le  Morne  Rouge  is  an 
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extinct  crater^  compoeed  of  8Cori»  and  vitrified  matter.  Some 
of  the  heights  are  crowned  with  columnar  basalt;  and  Ixnling 
springs  attest  the  very  recent  or  continued  activity  of  the 
volcanic  forces  beneath. 

8.  8t.  Vincent,  the  next  island  towards  the  north,  contains 
an  active  volcano^  called  the  Mome  Gkux>u,  which  rises  4910 
feet  above  the  sea.  It  has  long  been  in  the  condition  of  a 
solfiatara,  but  occasionally  breaks  out  into  greater  activity,  as 
in  1718;  and  again  in  1812,  when  its  eruption  followed  by 
twenty-two  days  the  great  earthquake  which  overthrew  the 
dty  of  Caraccas  on  the  neighbouring  continent,  and  the  shocb 
of  which  were  felt  severely  in  several  of  the  adjoining  islands. 
During  that  eruption  the  volcano  of  St.  Vincent  threw  oat, 
in  a  perpendicular  black  jet,  prodigious  volumes  of  grey  ashes 
(pumiceous  and  augitic),  with  much  organic  matter  (derived, 
probably,  from  a  crater-lake),  which  nearly  overspread  the 
island,  injuring  its  soil  to  an  extent  from  which  it  has  not  yet 
recovered.  A  vast  stream  of  lava  issued  from  the  summit  of 
the  mountain,  and  in  the  course  of  four  hours  reached  the  sea. 

4.  St.  Lucia,  a  cone  about  1400  feet  in  height,  contains  a 
very  active  solfatara.  There  are  several  intermittent  springs 
of  boiling  water  in  the  crater,  which  fill  some  small  basins, 
resembling  those  of  the  Icelandic  Oeysers.  This  volcano  is 
said  to  have  been  in  eruption  in  1766. 

5.  Martinique  is  not  exclusively  volcanic,  since  coralline 
strata  are  found  resting  on  its  felspathic  lava-rocks,  some  of 
which  rise  into  broken  eminences  of  considerable  height.  One 
mountain,  the  Montague  Pel^e,  seems  to  be  a  cone  of  pumice. 
Some  basaltic  plateaux  occur  of  seemingly  earlier  age.  There 
are  here  also  several  hot-springs. 

6.  Dominica  is  wholly  volcanic.  It  contains  several  solfa- 
taras ;  but  no  eruptions  from  them  are  recorded.  Trachytic 
rocks  occur  among  the  mountains,  which  rise  to  the  height  of 
5700  feet. 

7.  Guadahupe  is  a  double  island ;  one  part  consisting  of  a 
stratified  limestone  of  very  recent  origin,  containing  shells 
identical  with  those  now  living  in  the  surrounding  sea,  over- 
laid by  a  clayey  conglomerate  with  rolled  pebbles  of  lava.   The 
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other  and  larger  island  is  wholly  volcanic,  and  comprises  at 
least  fourteen  extinct  craters,  besides  one  existing  always  as  a 
solfatara,  and  occasionally  in  full  eruptive  activity :  its  summit 
is  5000  feet  above  the  sea.  In  1797  a  violent  eruption  took 
place  from  this  high  point,  which  ejected  vast  quantities  of 
pumice,  ashes,  and  sulphureous  vapours.  Again,  in  1836 
{here  occurred  an  eruption  of  the  same  character  from  another 
crater  on  the  eastern  side  of  the  moimtain,  followed,  after 
a  few  months,  by  the  emission  of  a  deliige  of  mud  from  its 
north-western  side — probably  from  the  bursting  of  a  crater- 
lake  in  that  situation  by  an  earthquake,  several  of  which  were 
felt  severely  at  the  time  through  the  whole  island.  It  is  said 
that  no  lava  was  emitted  on  these  recent  occasions ;  but  as 
the  lower  part  of  the  mountain  is  composed  of  basalt,  and 
the  upper  of  trachyte,  lava  must  have  been  frequently  pro- 
duced by  its  earlier  discharges.  The  trachyte  contains  grains 
of  quartz,  with  several  varieties  of  felspar — labradorite,  rhy- 
akolite,  and  sanidine  (Dufrenoy,  Comptes  Rendus,  t.  iv.  1837). 

8.  Montserrai  is  a  volcanic  mountain,  having  a  crater  in 
the  state  of  a  solfatara.  Sulphuretted  hydrogen  also  issues 
from  fissures  in  several  points.  Its  lavas  consist  of  highly 
porphyritic  trachyte,  with  large  crystals  of  felspar  and  horn- 
blende, often  much  decomposed  by  sulphureous  exhalations. 

9.  Nevis  contains  crystalline  trachytes,  and  much  clay  de- 
rived from  their  decomposition.  It  has  a  solfatara,  and  several 
thermal  springs,  the  water  of  which  holds  silica  in  solution, 
which  it  deposits  in  crusts  of  sinter  and  fiorite  on  cooling. 

10.  St.  Christopher's  has  a  central  mountain  of  consider- 
able height,  with  a  very  perfect  crater  on  its  summit,  from 
which  an  eruption  proceeded  in  1692.    Its  lavas  are  trachytic. 

11.  St.  Etistachia  contains  the  most  perfect  crater  possible, 
called  ^  The  Punch-bowl.^  Its  banks  are  composed  of  pumice, 
and  its  Ifivas  are  consequently  no  doubt  highly  felspathic  tra- 
chyte. 

Several  small  islands  lying  at  short  distances  to  the  east- 
ward of  the  above  volcanic  chain,  viz.  Antigua,  St.  Bartholo- 
mew, St.  Martin,  St.  Thomas,  Margarita,  Cura9oa,  &c.,  are 
composed  of  recent  calcareous  strata,  with  existing  shells,  or 
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coralline  limestone^  resting  upon  a  volcanic  conglomerate  of 
traohytic  tuff,  containing  much  silicified  wood^  with  agates 
and  jaspers. 

Coasts  of  America. — ^The  cmly  other  known  instance  of 
volcanic  development  on  the  Eastern  coast  of  America  is  foond 
in  the  small  island  of  Fernando  Noronha,  opposite  Cape  St. 
Roque,  just  at  the  narrowest  part  of  the  Atlantic  There 
appear  to  be  no  signs  of  recent  activity.  But  Mr.  Darwin 
(S.  America,  p.  145)  describes  several  great  conical  protaber- 
ant  pinnacles  of  columnar  clinkstone,  associated  widi  layers 
of  white  tuff  intersected  by  dykes  and  beds  of  basalt,  tra- 
chyte, and  slaty  clinkstone.  He  also  speaks  of  a  patch  of 
trappean  rocks  near  the  mouth  of  the  Plate  Biver ;  but  they 
belong  apparently  to  a  very  early  period,  and  are  probably 
coeval  with  the  porphyries  of  Patagonia,  of  the  Oolitic  age. 

In  the  extreme  Southern  Atlantic^  the  South  Shetland  Isles 
are  said  to  be  volcanic.  One  of  them,  the  Isle  of  Deception,^ 
consists  solely  of  a  vast  crater-ring  of  perpendicular  diffi^ 
inclosing  a  basin  eight  miles  in  diameter,  into  which  the  sea 
penetrates  by  a  breach  to  the  south.  The  diflb  are  described 
as  composed  of  alternate  layers  of  ice  and  lava,  having  the 
usual  gentle  slope  away  £rom  the  central  caldera  (Joum.  of 
Geogr.  Soc.  i.  p.  64). 

The  terminal  extremity  of  South  America.,  in  Tierra  dd 
Fuego,  is  chiefly  of  clay-slate  of  cretaceous  age,  but  inter- 
sected by  dykes  of  greenstone.  Much  basalt  and  porphyritio 
lava  show  themselves  also  on  many  points  of  the  south-west- 
em  coast,  together  with  scoriae-conglomerates.  Hence  it  is 
certain  that  the  great  western  volcanic  train  of  this  continent 
reaches  at  least  to  its  extreme  southern  limits. 

Mr.  Darwin  describes  the  shores  of  the  Pacific,  firom  the 
Straits  of  Magellan  northwards,  as  composed  of  a  base  of 
metamorphic  schists  and  clay-slate  resting  on  and  p^etrated 
by  plutonic  rocks,  chiefly  a  variety  of  granite  called  Andesite, 
its  principal  element  being  white  albite-felspar.  These  rocks 
are  overlaid  by  an  immense  formation  several  thousand  feet 
in  thickness  of  porphyries  and  porphyritic  conglomerates, 
often  scarcely  distinguishable   from  recent  trachytes,   and 
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which  appear  to  have  been  poured  forth  from  a  vast  train  of 
submarine  volcanic  vents  or  fissures  along  the  whole  length  of 
the  Cordilleras^  in  or  about  the  Oolitic  age^  since  they  are 
covered  by  great  stratified  deposits  of  sandstone,  limestone, 
and  gypsum  containing  shells  of  that  or  the  subsequent  Cre- 
taceous period.  These  strata  are  themselves  mixed  up  with 
much  volcanic  ash,  "  If/^  says  Mr.  Darwin,  ''  we  picture  to 
ourselves  the  bottom  of  the  sea  with  numerous  craters  in 
more  or  less  activity,  the  greater  nimiber  in  the  state  of  soU 
fataras,  discharging  calcareous,  siliceous,  ferruginous  matters, 
and  gypsiun  or  sulphuric  acid  to  an  amoimt  surpassing  the 
existing  sulphureous  volcauos  of  Java,  we  shall  probably  un-i 
derstand  the  conditions  under  which  this  singular  pile  of 
varying  strata  was  accumulated.'^  (South  America,  p.  289.) 
Their  great  thickness  (6000  or  7000  feet  at  leUst)  indicates,, 
he  thinks,  that  the  bed  of  the  ocean  was  slowly  subsiding  at 
the  time  of  their  deposition.  All  these  formations  were  after- 
wards upheaved  and  dislocated  by  a  general  elevatory  force, 
acting  probably  at  different  periods,  or  by  slow  degrees,  and 
with  occasional  intervals  of  subsidence,  and  accompanied  by 
further  volcanic  outbursts,  producing  deluges  of  lava  and  tufb 
that  overspread  the  floor  of  the  sea  towards  the  east,  and  now 
underlie  the  extensive  tertiary  plains  of  the  Pampas  of  Pata- 
gonia. These  tertiary  tuffs  were  traced  by  Mr.  Darwin  from 
the  shores  of  the  Atlantic  up  the  valley  of  Santa  Cruz  to  a 
height  of  3000  feet  on  the  eastern  slope  of  the  Cordilleras. 

This  immense  north  and  south  mountain-range,  or  rather 
series  of  parallel  ranges,  so  composed,  is  pierced  very  gene- 
rally through  its  entire  length  fit)m  Tierra  del  Fuego  to 
Mexico  by  volcanic  orifices  of  still  more  recent  date,  many  of 
them  now  in  activity,  to  the  description  of  which  I  shall  shortly 
proceed.  But  what  has  been  said  suffices  to  show  that  vol- 
canic eruptions  have  taken  place  along  this  great  north  and 
south  fracture  of  the  earth's  crust  almost  continuously  from 
the  earliest  times,  accompanied  by  oscillatory  up  and  down 
movements  of  the  surface  on  an  equally  extensive  scale,  which 
have  left  the  old  sea-bottom  now  several  thousand  feet  above 
the  actual  level  of  the  ocean.     The  loftiest  peaks  of  the  Cor- 
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dilloras  consist  of  active  or  dormant  ycdcanoa.  Tlie  flatter 
masses  next  in  height  arc  formed  of  the  gypaeous  and  potphy- 
ritic  strata^  thrown  into  vertical  or  highly  inclined  poaitioiia. 
The  intrusion  of  the  andesitic  rocks  firom  beneath  has,  in  Mr. 
Darwin^s  opinion,  been  the  cause  of  the  npheaTal  of  the  latter 
strata,  and  he  considers  it  probable  that  they  form  a  great 
axial  ridge  or  longitudinal  dome  beneath  the  entire  range 
(S.  America,  p.  ^1).  These,  then,  are  rather  plntonic  than 
volcanic.  The  modem  lavas  would  seem  to  have  originated  in 
or  beneath  them,  wherever  fissures  were  broken  sufficiently 
deep  through  the  overlying  rocks  to  permit  the  emption  of 
portions  of  the  heated  interior  matter.  The  earthquakes  of 
almost  daily  occurrence  in  the  present  day,  and  the  rise  of  the 
coast-lines  along  the  shores  of  the  Pacific  show  that  this  ele- 
vatory  action  is  still  going  on ;  and  so  likewise  are  the  attendant 
volcanic  phenomena  from  the  high  peaks  of  the  Cordilleras. 

Recurring  to  these  last,  as  our  proper  subject,  I  may  obserre 
that  it  is  not  clearly  made  out  to  what  extent  volcanic  action 
is  now  taking  place,  or  has  been  so  during  recent  times,  in  the 
extreme  southern  angle  of  the  American  continent.  Captain 
Hall  saw  what  he  considered  a  volcano  in  activity  in  lat 
55^  8',  to  the  north  of  Cape  Horn ;  and  another  is  noted  in  the 
map  of  La  Cruz,  in  lat.  51^  4'  S.  Vast  beds  of  basalt  have 
been  observed,  ranging  about  1000  feet  above  the  sea,  over 
large  areas  from  the  45th  to  the  46th  parallel,  opposite  to  the 
peninsula  of  Tres  Montes,  which,  according  to  Mr.  Darwin,  is 
itself  granitic  And  from  this  point  northwards,  the  ridge  of 
the  Cordilleras  is  certainly  studded  with  volcanic  peaks  mostly 
in  habitual  activity  throiigh  a  range  of  16  degrees  of  latitude, 
up  to  the  parallel  of  Coquimbo,  lat.  30°.  No  less  than 
twenty-four  distinct  volcanos,  of  which  thirteen  have  been 
seen  in  eruption,  are  reckoned  in  this  train.  The  most  im- 
portant and  active  are  those  of  Yantales,  43°  29*,  8000  feet 
high ;  Corcovado,  7500  feet ;  Osomo,  41°  9' ;  Michinmadom, 
8000  feet ;  Antuco,  87°  7',  16,000  feet,— a  trachytic  cone,  sur- 
rounded  by  an  earlier  basaltic  crater-ring,  and  having  a  crater 
emitting  sulphureous  vapours,  though  the  lavas  usually  break 
out  from  its  foot.    The  same  author,  Poppig,  to  whom  we 
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are  indebted  for  this  account^  describes  two  other  volcanos  in 
the  same  latitude,  in  a  parallel  chain  of  the  Andes  far  to  the 
eastward  of  Antuco.  Peteroa,  lat.  35°  15',  is  now  moderately 
active ;  and  a  paroxysmal  eruption  took  place  from  it  in  1762, 
a  new  crater  being  formed,  and  a  great  rent  in  the  side  of  the 
mountain.  The  peak  of  Tupungato  is  upwards  of  22,000  feet 
high.  RancagtM,  lat.  34°  15',  is  said  to  be  in  constant  eruption. 
Maypu,  33°  53',  17,620  feet  high— a  truncated  cone  with  a 
summit-crater  emitting  vapour  and  flames  (red-hot  scoriae 
probably ;  their  light  being  reflected  from  clouds  of  vapour) — 
is  described  as  rising  out  of  rocks  of  Jura  limestone  associated 
with  dolomite,  vast  beds  of  gypsum,  and  salt-springs,  which 
attain  a  height  of  9000  feet. 

Aconcagua,  east  of  Valparaiso,  lat.  82°  39',  said  to  be  al>ove 
23,000  feet  in  height,  and  therefore  one  of  the  most  lofty 
mountains  of  the  New  C!ontinent,  is  still  active.  The  city  of 
Mendoza,  capital  of  the  province  of  that  name  belonging  to 
the  Argentine  Confederation,  and  seated  on  the  eastern  slope 
of  the  Cordillera  in  this  latitude,  was  destroyed  in  March 
1861  by  an  earthquake,  and  10,000  persons  killed.  Probably 
Aconcagua  broke  into  eruption  at  the  moment,  since  travel- 
lers on  the  neighbouring  pass  of  Uspallata  met  with  showers 
of  ashes.  The  earthquake  was  local  only,  the  western  side  of 
the  chain  (Chili)  being  undisturbed. 

Three  other  volcanos  follow,  lAgui,  Chuagui,  and  lAmaraf 
nearly  in  the  latitude  of  Coquimbo;  northward  of  which, 
up  to  lat.  21°  50',  through  an  interval  of  560  miles,  it  is 
said  by  Humboldt  that  no  active  volcano  exists.  One,  how- 
ever, is  reported  by  Philippi  in  lat.  22°  16',  near  Copiapo ; 
and  it  is  probable  that  many  dormant  or  extinct  volcanic 
moimtains  may  be  foimd  on  fuller  examination  of  this  portion 
of  the  Andes. 

A  submarine  eruption  broke  forth  in  1835  dose  to  the  shore 
of  the  island  of  Juan  Fernandez,  at  the  moment  that  the  op- 
posite coast  of  Chili  was  shaken  by  a  violent  earthquake  and 
its  shores  deluged  by  the  influx  of  an  extraordinary  sea-wave. 
The  depth  of  the  sea  at  the  point  of  eruption  was  sixty-nine 
fathoms ;  notwithstanding  which,  the  column  of  fiery  ejecta 
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thrown  up  aboye  the  Bea-level  was  so  vivid  as  to  light  up  the 
adjoining  island  through  the  night  (Phil.  Trans.  1826). 

Earthquakes  of  a  formidable  character  are  frequent  along 
this  part  of  the  coast.     Copiapo  was  overthrown  b^  one  in 
1819,  and  others  of  equal  violence  occurred  in  1773  and  1796. 
A  very  considerable  elevation  of  the  land  has  also  taken  place 
along  the  whole  extent  within  recent  times,  as  shown  bj  ter- 
raced beaches  of  shin^e  and  shell  at  various  heights.    To  this 
I  may  add,  that  one  of  the  latest  and  best  observers,  Mr.  D. 
Forbes,  in  his  paper  on  the  Geol<^  of  Bolivia  and  Southern 
Peru  (Quart.  Joum.Gteol.  Soc.  vol.  xvii.),  describes  the  volcanic 
range  of  the  Cordillera  as  almost  continuous  through  this 
interval.      He  mentions  the  following  volcanos,  proceeding 
from  south  to  north,  as  still  in  occasional  activity :  LuUoj^acu, 
25°  15' ;    Joconado,  28°  Itf ;   lAcancau,  22°  5(y ;   Atacama, 
22°  8(y ;  Calama ;  Muga,  19°  20' ;  Tucalagua,  Tuiapaca,  Co- 
guina,  Gnalitieri,  and  Bahama,  18°  7'  (28,914  feet)^— the  kst 
a  truncated  cone  of  most  regular  form,  and  nearly  1000  feet 
higher  than  Chimbora^o,  long  supposed  the  loftiest  of  the 
Andes. 

At  this  point  a  large  number  of  volcanic  peaks  are  grouped 
together.  And  here  the  ridge  of  the  Cordillera,  which  hitherto 
ranged  nearly  due  north  and  south,  takes  a  bend  to  the  west; 
its  breadth  too  increases,  and  a  second  parallel  ridge  makes 
its  appearance  on  the  east;  the  intervening  depression — a 
wide  alpine  valley  lying  13,000  feet  above  the  sea-level — 
being  partly  occupied  by  the  great  Lake  Titicaca.  The  east- 
em  range  is  plutonic;  its  axis  granite,  supporting  highly 
inclined  beds  of  Silurian,  Devonian,  and  Triassic  rocks,  and- 
penetrated  by  metallic  veins,  as  at  the  celebrated  mines  of 
Potosi.  The  highest  points  of  this  range,  Sorata  and  Illimani, 
rise  more  than  24,000  feet  above  the  sea.  Some  recent  vd- 
canic  rocks  cut  through  the  Carboniferous  and  Devonian 
series  on  the  extreme  western  limit  of  this  ridge,  near  the 
Lake  Titicaca  j  they  are  described  by  Forbes  as  "  true  grey- 
stone  and  trachytic  lavas,  characterized  by  a  peculiar  ribboned 
structure.^ 

The  western  range  of  the  Cordilleras  is  almost  wholly  vol- 
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canic.  The  lavas  are  chiefly  trachyte — many  of  a  character 
closely  resembling  the  domite  of  Auvergne — composed  of 
quartz^  black  or  brown  hexagonal  mica^  and  glassy  felspar^ 
and  accompanied  by  a  whitish  trachytic  tuff  with  abundant 
imbedded  fragments  of  pumice.  The  tuflb  are  generally  com- 
pact^ so  as  to  form  an  excellent  building-material^  and  are 
often  with  difficulty  to  be  distinguished  from  true  trachyte. 
The  eruptions  are  described  as  having  broken  through  and 
overflowed  the  oolitic  strata  near  the  coasts  which  contain  in- 
terbedded  and  intrusive  porphyries  and  diorites  (greenstone) . 
Among  the  most  recent  lavas  there  is  much  greystone  (trachy- 
dolerite),  of  a  darker  colour  than  the  trachyte^  with  numerous 
crystals  of  black  or  dark-green  augite.  Basalt  also  occurs^  of 
a  very  fine-grained  compact  character.  But  the  mass  of  the 
volcanic  rocks  consists  of  a  "  crystalline  felspathic  lava  with  a 
striated  or  ribboned  structurTaimilar  to  the  stria,  in  parti- 
coloured  glass/'  (Forbes,  foe.  cit.  p.  27.) 

These  lavas  generally  appear  to  have  burst  forth  from  lateral 
fissures  on  the  flank  of  the  lofty  snow-covered  volcanic  peaks 
which  crown  the  range.  In  the  southern  part  of  Bolivia  such 
^'lateral  eruptions  have  covered  the  ground  with  trachytic 
lava  for  more  than  300  miles  continuously/'  Mr.  Forbes 
thinks  that  some  single  fissures  have  produced  outflows  of 
lava  through  a  continuous  length  of  fifty  miles.  (See  p.  135, 
supra,)  It  must,  however,  be  remarked  of  these  South  Ame- 
rican volcanos,  that  although  the  peaks  are  frequently  seen  to 
emit  vapour  and  ashes,  and  contain  many  solfataras,  we  rarely 
hear  of  their  giving  issue  to  any  great  currents  of  lava  in 
recent  times,  as  is  the  case  in  other  sites  of  ordinary  volcanic 
activity. 

The  volcano  of  Misie,  near  Arequipa  in  Peru  (18,877  feet), 
exhibits  several  small  craters,  frequently  in  gentle  eruption. 
Another  adjoining  peak,  called  Chacani,  has  a  large  crater ; 
Ve;o,  the  same,  with  lava-streams  and  much  pumice ;  Omato, 
16^  50^,  had  a  violent  eruption  in  1667 ;  and  others,  whose 
names  it  is  needless  to  give,  are  mentioned  by  different 
writers. 

From  this  point,  in  lat.  16^  S.,  the  main  chain  of  the  Andes 
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appears  to  be  non-Tolcanic,  or^  at  least,  to  show  no  active  yoI- 
cano  for  the  long  interyal  of  960  miles ;  the  first  that  oocon, 
proceeding  northwards,  being  Sangay,  south  of  Quitp,  in  lat 
2^  S.    From  thence  to  the  latitude  2°  N.  a  crowded  group  is 
ibund  of  eighteen  or  twenty  volcanos  of  great   height,  half 
of  which  at  least  are  supposed  to  be  in  activity.     Sangay, 
16,040  feet  high,  is  belieyed  to  be  in  permanent  eruption, 
like  Stromboli.     M.  Sebastian  Wise,  who  reached  its  sunmiit, 
coimted  267  explosive  jets  of  ashes  and  scorise  in  an  hour. 
The  black  ejected  lapillo  forms  on  the  slopes  of  the  mountain, 
and  to  a  distance  of  twelve  miles  round,  beds  800  or  400  feet 
thick.     Hmnboldt  dwells  frequently  on  the  rolling  thunders 
of  Sangay,  which  are  heard  at  great  distances  all  round.    The 
fact  is  common  to  other  lofty  volcanic  mountains  during  their 
eruptive  phases,  and  no  doubt  proceeds  from  the  explosions  of 
steam  taking  place  within  the  depths  of  their  craters, — the 
sound  being  often  propagated  not  through  the  air  only,  but 
the  earth  likewise.    The  detonations  of  ordinary  artiUery  may, 
we  know,  be  heard  at  distances  of  fifty  or  more  miles ;  it  is 
not,  therefore,  to  be  wondered  at,  if  the  infinitely  more  violent 
explosions  of  some  volcanic  vents  sht)uld  occasionally  be  au- 
dible five  or  even  ten  times  as  far.     It  i»  to  be  suspected  that 
the  mysterious  ^  Bramidos,'  or  subterranean  thunders  men- 
tioned by  Humboldt  as  often  heard  in  the  Andes,  always  have 
this  simple  and  natural  origin. 

The  city  of  Riobamba,  at  the  foot  of  Thmgtsragua^  in  lat. 
1^  41'  S.  (16,424  feet),  was  destroyed  by  a  violent  earth- 
quake, February  4th,  1797.  This  volcano,  together  with 
the  others  adjoining,  of  the  same  group,  Carfftuiirazo,  Ckim' 
boraqo,  Cotopaxi,  Antisana,  Pichincha,  Imbaburu,  and  nine 
more,  all  within  an  elliptical  area  measuring  about  120 
miles  in  its  longest  diameter,  may  be  considered  as  the  several 
vents  of  one  volcanic  mass,  rather  than  distinct  volcanoa. 
Some  of  these  vomit  torrents  of  mud  (ash  and  water)  at 
their  eruptive  crises,  as  did  Carguairazo  in  June  1698,  and 
Imbaburu  in  1691.  In  this  mud  are  found  multitudes  of 
small  fish  {Pimelodes  Cyclopum),  The  probable  origin  of  the 
water,  and  of  the  fish  and  infusoria  which  are  found  in  it. 
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ia  shown  in  the  crater-lake  of  the  volcano  that  rises  above 
the  town  of  Pasto,  in  lat.l°  13'N.  Chimbora^o  {21,420  feet) 
is  a  reg^ar  snow-covered  dome,  the  highest  visible  rock  being 
prismatic  trachyte  :  it  lias  not  been  seen  in  eruption.  Coto- 
paxi  (17,662  feet),  on  the  contrary,  has  been  in  frequent  agi- 
tation since  1742,  its  eruptions  being  often  accompanied  by 
torrents  of  water — in  this  case  proceeding  rather  from  the 
sudden  melting  of  its  snow- covering,  the  whole  of  which, 
according  to  Humboldt,  has  been  known  to  disappear  in  this 
manner  in  a  single  night.  The  debacle  this  must  have  occa- 
sioned will  account  for  any  quantity  of  alluvial  conglomerate 
about  its  base.     The  cone  of  Cotopaxi  is  described  as  of  re- 


Cotopazi  (17,662  feet),  Kon  from  kdiiUuioe  of  ninety  miles. 
(FVom  Huuilmldt'i '  Vue«;} 

markable  regularity,  notwithstanding  the  tremendous  igneous 
and  aqueous  phenomena  to  which  it  is  subject.  (See  the  wood- 
cut annexed,  and  p.  182.)  It  has  emitted  vast  currents  of 
perfectly  glassy  pumice,  precisely  like  those  of  Lipari :  they 
are  quarried  for  building-stone,  and  Uocks  extracted  easily 
twenty  feet  or  more  in  length,  and  five  or  six  in  thickness. 
(Humboldt,  '  Kosmos.')  The  summit  of  Carguurazo  is  said 
to  have  disappeared  (probably  blown  off  by  paroxysmal  explo- 
sions) during  the  eruption  of  1698.  Smchulagwt  was  in  erup- 
tion in  1C60 :  its  height  is  15,420  feet.  Antisana  (19,160  feet) 
spriogs,  as  a  conical  peak  nearly  5000  feet  high,  from  an  oval 
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plain^  probably  a  vast  fiUed-up  crater,  acroBS  wboee  sorfiu^ 
several  currents  of  black  obsidian  and  pitchstone  have  flowed 
from  the  higher  volcanic  vent.  At  a  still  lower  levels  on  the 
eastern  declivity  of  this  mountain,  similar  Uack  lava-streams 
have  issued  from  two  small  craters,  now  lakes.  These  lavas 
have  split  on  cooling  into  loose  massive  blacks — a  not  unfre- 
quent  circumstance  (see  p.  71),  but  which  Humboldt  seems  to 
have  had  much  di£Sculty  m  comprehending.  ('  Kosmos,'  iv. 
Sab.  Transl.  p.  313.)  The  slopes  of  Antisana  are  covered 
with  pumice  and  frtigmentary  pitchstone.  It  was  eruptive  in 
1590,  and  again  in  1728. 

Pichincha  (17,644  feet)  has  been  frequently  in  eruption, 
at  least  from  1539,  and  was  in  frdl  activity  in  1831.    It  has 
on  its  summit  two  large  frmnel-shaped  craters ;  one  of  them 
contains  a  central  minor  cone,  from  the  surfrtce  of  which 
numerous  vents  are  seen  to  emit  steam,  sulphuretted  hydro- 
gen, and  sulphureous  acid  gases,  with  vast  columns  of  blade 
ashes  and  pumice.     The  other  great  crater  is  at  present  in- 
active.    Cumbaly   Chiles^  Pasto,  Sotara,  are  the  names  of 
other  volcanic  peaks  rising  above  the  limit  of  perpetual  snow. 
PuracS  (16,000  feet),  near  Popayan,  is  a  truncated  cone,  com- 
posed of  obsidian  on  the  summit:   the  'Yin^ar'  Biver, 
strongly  impregnated  with  sulphuric  acid,  has  its  source  in 
this  mountain.     Tolima,  also  a  truncated  cone,  in  lat.  4P  35', 
and  west  of  Santa  F^  di  Bogota  (18,000  feet),  is  the  loftiest 
peak  of  the  Andes  north  of  the  equator.     It  now  emits  only 
steam  and  gases,  but  is  known  to  have  been  in  violent  erup- 
tion in  1595,  and  again  recently  in  1826,  at  which  time  the 
whole  surrounding  province  of  New  Granada  was  powerfiilly 
agitated  by  earthquakes ;  loud  detonations  were  heard,  and 
rents  formed  in  the  surface-soil,  which  emitted  carbonic  and 
other  acid  gases,  as  well  as  mud  smelling  strongly  of  sulphu- 
retted hydrogen. 

In  connexion  with  this  volcanic  band  of  the  Cordilleras,  I 
may  here  notice,  although  distant  about  500  miles,  yet  imme- 
diately opposite  to  the  coast  of  the  province  of  Quito,  the 
insular  group  of  the  Galapagos  Isles,  in  which  volcanic  energy 
has  been  very  actively  developed.    Scarcely  anywhere  have  so 
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many  cones  and  craters  (generally  extinct)  been  obsenred 
within  so  small  an  area  (about  120  miles  in  diameter).  Mr. 
Darwin  estimates  their  total  number  at  2000  (!).  When  he 
visited  the  islands  with  the  expedition  under  Captain  Fitzroy^ 
two  craters  were  simultaneously  in  fiery  eruption.  In  all  the 
islands  streams  of  lava  may  be  seen  separating  into  branches^ 
and  often  reaching  the  sea.  The  lava  is  generally  augitic^ 
with  olivine  and  large  crystals  of  albite.  True  pumice  is  en- 
tirely wanting.  The  cones  are  usually  formed  of  a  hardened 
brown  tuff^  covered^  like  that  of  Napl^^  with  looser  arena- 
ceous strata  of  the  same.  The  layers  have  always  the  usual 
quaquaversal  dip  away  from  the  craters^  at  angles  of  20  to 
30  degrees.  The  craters  are  invariably  open  towards  the  east ; 
the  materials  having  either  accumulated  in  greatest  abun- 
dance^ or  resisted  the  erosion  of  the  sea-waves  best^  on  the 
leeward  side  of  the  vent.  The  highest  cone  does  not  exceed 
4536  feet.  The  group  is  generally  remarkable  for  its  vast 
number  of  separate  independent  points  of  eruption^  and  the 
absence  of  any  great  predominant  volcanic  mountain. 

Tolima  is  the  most  northerly  of  all  the  active  volcanos  of  the 
Southern  continent.  It  rises  on  the  central  of  the  three  moun- 
tain-ranges into  which  the  Andes  are  here  divided^  called  the 
Sierra  di  Quindiu.  The  western  branch  has  in  this  latitude 
no  eruptive  vent.  One  rests  upon  the  eastern  declivity  of  the 
knot  or  '  ganglion  ^  in  which  this  trifiircation  has  its  origin^ 
near  the  source  of  the  Rio  Fragua.  It  is  more  distant  from 
the  Pacific  (152  miles)  ^  as  Humboldt  remarks^  than  any  other 
active  volcano  of  the  Southern  continent :  it  is  stiU  smoking. 
North  of  this  pointy  between  the  ninth  and  tenth  parallels^ 
each  of  the  two  lateral  ranges  takes  a  somewhat  sudden  bend. 
The  eastern  one  is  continued  due  east^  in  the  elevated  coast- 
range  of  Caraccas^  Cumana^  and  Trinidad  (from  8000  to  9000 
feet)^  where  it  meets  almost  at  a  right  angle  the  N.~S.  vol- 
canic train  of  the  Carib  Islands  already  noticed.  The  other^ 
which  is  much  broken  and  lowered  in  elevation^  turning  to  the 
west  in  the  Isthmus  of  Darien^  also  shortly  after  bends  again 
nearly  due  north ;  and  here^  at  the  bottom  of  the  Grolfo  Dolce^ 
near  Baruca^  occurs  the  most  southern  known  volcano  of 
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North  America.  In  the  intervab,  however,  tnoes  of  early  voi- 
canic  action  show  thcmaelves  along  both  ranges.  The  Wesleni 
Cordillera  haa  many  bcda  of  intmaiye  angitic  poridiTiy  and 
diallagc-rock  intcrstratified  with  or  penetratmg  its  sedimentazy 
rocks.  Along  the  course  of  the  Eastern^  or  coast-Tange  of 
Venezuela^  mud- volcanoa,  petrokum-springa,  and  mineral  jikk 
frc(|ucntly  occur.  Near  Valencia  there  is  a  scdfatan^  and 
several  sources  of  water  heated  above  the  boiling-point. 


VOLCANO^  OF  CENTRAL  AMERICA. 

From  Baruca,  a  train  of  more  than  thirty  volcanic  vents, 
chieiiy  bordering  the  Pacific,  ranges  N.W.  np  to  the  paralld 
of  IG^  N.  in  the  province  of  Ghiatemala.  There  are  few 
other  parts  of  the  globe  in  wliich  so  many  active  volcanos  lie 
in  so  small  a  compass,  together  with  nmneroua  mountains  of 
volcanic  formation,  which,  though  now  quiescent,  have  evi- 
dently been  eruptive  within  very  recent  times.  Next  to  Barnes^ 
two  volcanos  rise  upon  the  shore  of  the  Atlantic,  near  the 
Oulf  of  Chiri(iui.  Another,  called  Irtuu,  near  the  town  of  Car- 
tago,  reaches  the  height  of  11,900  feet :  it  is  easily  acc^sible 
to  the  summit,  from  whence  both  oceans  are  visible.  The 
active  cone  of  cinders  and  lapillo,  about  1000  feet  high,  rises 
in  the  centre  of  an  encircling  crater-ridge.  There  is  another 
crater,  8000  feet  in  circumference,  on  the  north-east  of  this. 
This  volcano  had  active  paroxysms  in  1723,  1726,  1821,  and 
18-17,  attended  by  earthquakes  which  did  great  damage  to 
many  of  the  towns  between  Nicaragua  and  Panama. 

El  Reventado  (9486  feet)  has  a  deep  crater,  breached  to  the 
south,  formerly  filled  with  water.  Barba,  north  of  San  Jos^ 
the  capital  of  Costa  llica,  has  a  crater  enclosing  several  small 
lakes.  Hitherto  the  main  chain  of  volcanic  heights  runs  S.E.- 
N.W.;  but  at  this  point  it  is  crossed  by  a  transverse  east 
and  west  train  of  vents.  On  this  cross-fissure  rise  four  or  five 
active  j)cak8:  one  called  La  Vieja,  which  is  said  by  Mr. 
Squier  to  break  out  every  spring  at  the  beginning  of  the 
rainy  season  with  a  discharge  of  ash ;  another,  the  volcano  of 
Voioa,  rick  in  sulphur;  and  one  to  the  north  of  Cartago. 
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Rincon,  Miravaya,  and  Orosi  are  more  or  less  active  vol- 
canos  bordering  the  Lake  of  Nicaragua  to  the  south-west. 

'*  Perhaps/'  says  Mr.  Squier,  "  no  similar  extent  of  the 
earth's  surface  shows  so  many  and  such  marked  traces  of  vol- 
canic action  as  the  part  of  Nicaragua  intervening  between  its 
lakes  and  the  Pacific  Ocean.  Studding  the  lake  itself  are 
clusters  of  innumerable  islands^  all  of  volcanic  origin^  rising 
in  the  form  of  cones  from  20  to  200  feet  high.  And  in  the 
hills  around^  besides  some  hundred  yawning  craters^  there  are 
numerous  crater-lakes  of  volcanic  origin^  shut  in  by  burnt, 
blistered,  and  precipitous  walls  of  rock,  without  outlet,  often 
of  great  depth,  their  waters  being  salt  and  bitter.*'  One  of 
these  lakes,  Slopango,  is  described  by  the  same  traveller  as 
no  less  than  twelve  miles  in  length  by  five  in  width.  It  re- 
ceives no  tributaries,  but  has  one  small  outlet.  The  surface  of 
the  water  is  1200  feet  below  the  level  of  the  surrounding 
country.  These  lakes  generally  are  found  at  the  base  of  a 
volcanic  hill  or  mountain.  Such  is  the  Lake  of  Masaya,  at 
the  foot  of  the  volcano  of  that  name,  which  has  been  in  per- 
manent eruption  since  1853.  Previous  to  that  year,  it  had 
remained  dormant  from  the  year  1670,  before  which  date  it 
had  been,  as  now,  continually  active,  and  is  described  as  such 
by  Oviedo,  who  visited  it  in  1529.  (See  p,  38,  supra.)  The 
eruption  of  1670  poured  forth  a  flood  of  lava  to  the  north 
which  reached  a  distance  of  twenty  miles,  and  still  looks,  says 
Mr.  Squier,  like  an  ocean  of  ink  suddenly  congealed  during  a 
storm. 

Nindiri  is  a  twin  volcano  attached  to  Masaya,  which  in 
1775  emitted  a  vast  stream  of  lava  into  the  Lake  of  Leon  at  its 
foot.  Mandeira  and  Omotepec  are  other  twin  volcanos,  rising 
as  an  island  from  the  Lake  of  Nicaragua,  as  also  does  the  ex- 
tinct cone  and  crater  of  Lapatera.  On  the  western  shore,  near 
the  town  of  Granada,  is  that  of  Mombacho.  Momotombo,  still 
smoking  and  continually  detonating,  shows  on  its  flanks  black 
floods  of  lava.  (Squier.) 

From  thence  to  the  Gxdf  of  Fonseca  there  extends  a  chain 
of  heights  ranging  S.E.-N.W.,  and  consisting  of  six  volcanos, 
called  Los  Morobios.     El  Nuevo  was  in  eruption  in  1860, 
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when  a  stream  of  lava  iasaed  firom  the  plam  at  the  foot  of  the 
mountain.  TeHca,  above  the  town  of  Leon  (351 7  foet)^  has  a 
crater  on  its  summit  300  feet  deep,  in  the  conditicMi  of  a  acd&- 
tara.  El  Viefo  (6000  feet)  was  rerj  active  in  the  sixteenth 
century,  and  is  still  seen  to  eject  red-hot  scoriae.  Casepamm, 
forming  the  southern  promcmtory  of  the  Oulf  of  Fonaeca^  was 
actire  in  1812,  but  is  specially  cdebrated  for  a  terrific  eraption, 
preceded  by  an  earthquake,  which  began  on  the  20th  of  Janu- 
ary,  1835.  Its  detonations  were  heard  in  Jamaica,  and  also 
near  Bogota,  560  miles  distant.  The  ashes  gected  into  the 
air  produced  darkness  for  two  days  over  all  the  sonomiding 
country,  which  was  covered  by  their  &11  to  the  depth  of  many 
feet :  they  fell  thickly  on  the  sea  to  the  west  through  a  space 
measuring  forty  miles  north  and  south,  and  through  at  least 
twenty  degrees  of  loi^tude  east  and  west.  The  amount  of 
fragmentary  matters  thrown  out  by  this  eruption  was  pro* 
digious.  (See  p.  204-5.)  We  have  no  account  of  the  present 
figure  of  the  mountain ;  but  it  is  probi^e  that  it  was  on  this 
occasion  truncated,  and  a  crater  of  great  sixe  hollowed  out  of 
its  entrails.  The  neighbouring  volcano  of  San  Vicenie  was 
likewise  eruptive  in  the  same  year  (1835). 

The  northern  horn  of  the  Gulf  of  Fonseca,  directly  opposite 
to  Coseguina,  is  formed  by  another  volcanic  mountain.  Con* 
cagiia  or  Amalapa,  And  here  the  volcanic  train,  which  has 
ranged  generally  N.W.-S.E.,  is  again  crossed  by  one  which 
has  nearly  an  east  and  west  direction,  corresponding  to  the 
similar  bend  in  the  coast  of  the  Pacific,  and  also  to  the  great 
eastward  expansion  of  the  continent  that  forms  the  provinces 
of  Honduras  and  the  Mosquito  Coast,  the  line  of  which  is  con- 
tinued in  the  elevated  axial  ranges  of  Jamaica  and  San  Do- 
mingo. The  two  volcanos  near  the  respective  towns  of  S. 
Miguele  and  S.  Salvador  are  said  to  be  very  active.  Apaneca^ 
not  far  from  Sansonate,  is  perhaps  extinct.  Isalco,  yet  nearer 
to  that  town,  is  said  by  Mr.  Squier  to  have  been  ''thrown  up 
from  a  plain  near  the  extinct  volcano  of  Santa  Anna  in  1770. 
Earthquakes  were  felt  through  the  previous  months ;  and  on 
the  23rd  February  the  earth  opened  and  sent  out  lava,  accom- 
panied with  fire,  smoke,  and  vast  quantities  of  ashes,  cinders^ 
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and  stones^  the  ejection  of  which  continued  for  months  and 
years  after  the  cessation  of  the  lava-flow.  These  products 
formed  a  continually  increiising  cone  round  the  vent  or  crater. 
It  has  indeed  remained  ever  since  in  a  state  of  constant  erup- 
tion^ and  is  called  thence  the  Faro  (lighthouse)  of  San  Sal- 
vador. Its  explosions^  like  those  of  Stromboli,  occur  regu- 
larly at  intervals  of  ten  to  twenty  minutes^  and  throw  up  a 
dense  smoke  and  cloud  of  ashes  and  stones,  which,  falling,  add 
to  the  height  and  bulk  of  the  cone.  It  is  now  about  2500  feet 
high/'  (Squier,  Central  America,  p.  296.) 

An  adjoining  volcano,  AHtlan,  was  in  violent  eruption  in 
1828,  and  again  in  1833,  emitting  vast  quantities  of  scorise 
and  ash,  which  covered  the  coast  for  many  leagues :  the 
whole  country  for  thirty  miles  round  was  darkened  for  two 
days.  Another  neighbouring  volcano  near  Amatitlau,  called 
Pacaya  by  Humboldt,  is  in  permanent  activity.  Its  most 
violent  recorded  eruption  occurred  in  1776,  when  its  ejections 
overwhelmed  villages  nine  miles  distant.  The  mass  of  lava 
which  then  flowed  down  its  sides  is  in  many  places  more  than 
100  feet  thick,  and  still  looks  as  fresh  as  if  poured  out  yester- 
day. The  Lake  of  Atitlan  lies  at  the  base  of  these  two 
volcanos :  it  is  thirty  miles  long  and  ten  in  breadth,  and  its 
depth  exceeds  1800  feet.  It  is  shut  in  by  dark  precipitous 
volcanic  rocks,  and  has  no  visible  outlet.  Several  hot-springs 
rise  on  its  shores.  (Squier,  p.  490 :  see  also  p.  225,  stqrra.) 

At  but  little  distance,  and  near  the  old  town  of  Guatemala, 
are  two  other  volcanic  mountains.  The  Volcan  de  Agua,  a 
trachytic  cone  (14,903  feet)  higher  than  the  Peak  of  Teneriffe, 
rises  into  the  region  of  perpetual  snow :  hence  its  name, — 
the  eruptions  that  occur  near  its  summit  melting  the  snow, 
and  sending  down  torrents  of  water.  Such  an  inundation 
destroyed  the  first  city  of  Guatemala  in  1541.  The  Volcan 
de  Fuego  is  twenty  miles  W.N.W.  of  this,  near  Acatenango. 
It  is  still  active,  though  less  so  than  formerly.  Nine  great 
eruptions  from  it  are  recorded  between  1581  and  1799.  The 
last  was  in  1852,  when  it  sent  forth  a  stream  of  lava  towards 
the  Pacific.  It  is  14,665  feet  in  height.  The  constant  earth- 
quakes to  which  its  neighbourhood  was  subject  caused  the 
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removal  of  the  city  of  Guatemala  a  second  time,  in  the  middle 
of  the  last  century,  to  a  fresh  site. 

Two  or  three  more  volcanic  mountains  are  spoken  of  still 
further  north.  But  the  last  of  this  thickly-sown  group  of 
Central- American  volcanos  is  Soconusco,  twenty-eight  miles 
south  of  Ciudad  Real,  in  lat.  16''  2'. 

Proceeding  northwards,  an  interval  occurs  without  any 
active  vent;  though  there  is  reason  to  believe  that  the 
central  range  of  this  part  of  the  continent  is  of  volcanic 
origin,  especially  one  peak,  CempuUepec  (17,000  feet  high). 
It  is  only  in  the  parallel  of  Mexico  that  we  again  meet  with 
recent  eruptions.  Here  a  chain  of  six  or  more  volcanos 
crosses  the  entire  continent  from  east  to  west — consequently 
in  a  transverse  direction  to  its  general  axial  range,— a  fact  we 
have  already  noticed,  though  on  a  smaller  scale,  in  othar 
instances  to  the  north  of  Panama.  It  must  be  referred  to  the 
production  of  transverse  fissures  crossing  the  main  lines  of 
dislocation  along  which  the  primary  crystalline  ranges  and 
high  platforms  of  the  northern  continent  were  elevated. 

The  most  eastern  of  these  volcanos,  that  of  Tuxtla,  forms  a 
promontory  on  the  coast  of  the  Atlantic  fifty  miles  to  the 
south-east  of  Vera  Cruz :  it  was  in  paroxysmal  eruption  in 
1793.  Further  to  the  west  rises  the  magnificent  cone  of 
Orizaba  (17,900  feet)  (see  fig.  88,  p.  182),  adjoining  which, 
to  the  north,  M.  de  Saussure  found  numerous  basaltic  lava- 
streams  flooding  the  high  Mexican  plateau. 

Orizaba  was  ascended  in  1851  by  Alexandre  Doignon,  a 
young  Frenchman,  and  again  very  recently  by  Baron  Miiller. 
It  has  a  crater  on  the  summit,  estimated  as  6000  yards  in 
circumference,  and  broken  down  on  the  south  and  east.  The 
interior  is  deep,  crusted  with  sulphur  in  many  places,  the 
product  of  numerous  fumaroles.  An  eruption  that  took  place 
from  it  in  1569  is  said  to  have  lasted  for  twenty  years :  since 
that  epoch  it  has  been  in  its  present  state  of  comparative 
quiescence.  The  base  of  Orizaba  is  surrounded  by  smaller 
cones,  mostly  truncated :  some  have  thrown  out  lava-streams ; 
some,  mud  and  ashes.  Eastwards  is  the  volcanic  mountain  of 
Acatepec.    On  the  west  occur  several  sulphureous  springs  and 
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fdmaroles^  as  well  as  a  group  of  hills,  called  '  Los  Derrum- 
batos,'  one  of  which  has  a  crater  which  is  frequently  in 
activity. 

To  the  north  also  stretches  the  Cofre  de  Perote,  an  isolated 
rocky  ridge  (13,550  feet  high),  composed  of  dark  dioritic  tra- 
chyte, or  greystone,  and  rising  from  6000  to  7000  feet  above 
the  plateau.  It  would  seem,  from  recent  reports,  to  be  the 
remaining  side  of  a  great  crater,  the  other  having  been 
broken  down  or  blown  oflF.  The  central  Mexican  platform 
itself,  having  an  average  elevation  of  6000  or  7000  feet  above 
*the  sea,  consists  in  great  part  of  trachytic  porphyry  fiill  of 
glassy  felspar,  the  product  of  ancient,  perhaps  submarine,  erup- 
tions. The  deep  gorges  (barancos)  that  intersect  it  exhibit  in 
their  precipitous  cliffs  numerous  thick  horizontal  beds  of  this 
rock  and  its  conglomerates.  On  many  points  of  this  high 
plain,  however,  wide  fields  of  scoriaceous  lava,  or  of  basalt, 
or  of  pearlstone  and  obsidian,  are  met  with,  of  very  recent 
aspect,  and  uncultivable,  whence  they  are  styled  Malpais. 
These  lavas  probably  issued  from  some  lateral  vents  of  the 
great  volcanic  mountains,  or  from  fissures  in  the  plain  at  their 
foot.  (See  'Kosmos,'  iv.  p.  305.)  Further  westward,  and  im- 
mediately to  the  south-east  of  the  Lake  of  Mexico,  is  Popo- 
caiepetl,  an  equally  vast  snow-covered  volcanic  cone  (1 7,720  feet 
high),  still  in  constant  activity,  throwing  up  vapour  and  ash, 
but  not  emitting  lava-streams  at  present.  Its  principal  com- 
ponent rock  is  an  augitic  trachyte,  or  greystone.  Some  of  the 
beds,  however,  are  of  pitchstone.  Another  volcano,  called 
htaccihuetl,  closely  adjoins  Popocatepetl  on  the  north;  and 
other  mountains  surrounding  the  lake-basin  are,  no  doubt, 
volcanic.  To  the  south-west  of  the  city  rises  the  great  snowy 
volcano.  El  Nevada  di  7b/tica  (15,168  feet),  not  now  in  activity. 
Its  lavas,  as  weU  as  those  of  Orizaba,  contain  hornblende. 

Very  much  ftirther  westward,  in  lat.  19°  11',  W.  long. 
101°  20',  we  come  to  the  celebrated  volcano  of  JoruUo,  first 
described  by  Humboldt,  and  proclaimed  by  him  as  a  typical 
example  of  the  upheaval  by  volcanic  force  of  pre-existing  strata. 
I  have  already  (p.  81-83)  noticed  this  unhappy  misapprehen- 
sion of  the  great  traveller,  to  which  was  owing,  probably,  the 
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birth  of  the  mischief- working  Elevation-crater  theory  of  Von 
Buch.  There  can  be  no  doubt  now,  since  the  visit  paid  to  the 
spot  by  M.  de  Saussure,  that  (as  I  had  the  boldness  to  pro- 
claim in  1825,  in  the  first  edition  of  this  work — drawing  my 
inference  solely  from  the  facts  and  appearances  recorded  by 
Humboldt  himself)  there  occurred  in  1769  no  upheaval  what- 
ever of  superficial  strata, "  in  shape  of  a  bladder  "  or  otherwise, 
but  simply  the  ordinary  phenomena  of  a  normal  subaerial  vol- 
canic eruption, — five  vdnts  having  been  opened  in  a  low  plain, 
or  rather  valley,  on  a  N.  and  S.  fissure-line,  over  each  of  which 
a  common  cinder-cone  was  thrown  up  by  the  continuous  ejec- 
tion of  scoriae,  while  firom  all  these  probably,  but  chiefly  from 
the  largest  and  central  cone  of  Jorullo  proper,  copious  streams 
of  an  imperfectly  liquid  basaltic  lava  were  poured  forth,  which, 
not  flowing  to  any  great  distance,  accumulated  one  upon  the 
other  into  a  high  convex  platform — the  Malpais,  or  'plaine 
bombie '  of  Humboldt.  The  latest  emission  of  lava  took  place 
from  the  breached  crater  of  Jorullo  itself,  and,  owing  to  its 
extremely  imperfect  fluidity,  formed  a  massive  promontory  or 
buttress,  still  seen  projecting  from  the  side  of  the  cone  (see 
fig.  19,  p.  83),  its  base  mingling  with  the  lava  of  the  Malpais. 
Vast  ejections  of  black  ash  were  among  the  last-recorded  phe- 
nomena of  the  eruption ;  and  the  rough  protuberances  over  the 
fiimaroles  of  the  lava-current,  covered  by  a  stratum  a  foot  or 
two  in  thickness  of  this  fine  fragmentary  matter,  which  in 
consolidating  had  assiuned  a  globular  concretionary  structure, 
formed  the  haycock-like  '  homitos'  (described  by  M.  de  Hum- 
boldt as  so  perplexing  to  him).  M.  de  Saussure  concludes  his 
paper  by  remarking, — '*  The  volcano  of  Jorullo  has  certainly 
not  been  formed  by  upheaval;  and  its  phenomena,  so  far  from 
pleading  in  favour  of  the  upheaving  action  of  the  volcanic 
force,  show,  on  the  contrary,  that  the  most  powerful  out- 
bursts can  take  place  without  the  slightest  disarrangement  of 
the  superficial  beds."  (Bulletin  de  la  Society  Vaudoise  des 
Sciences  Naturelles,  1859,  No.  45,  vol.  vi.) 

The  lava  of  Jorullo  is  greystone,  approaching  to  basalt,  and 
containing  grains  of  olivine.  It  is  the  more  singular  that 
M.  de  Humboldt  should  have  so  misconceived  the  character  of 
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this  eruption^  since  he  himself  describes  a  portion  of  the  old 
surface^  upon  which  previously  stood^  and  still  standi  ^^  some  old 
farm-buildings^  and  aged  trunks  of  Cactus  and  Guava  trees/' 
as  having  remained  undisturbed  in  the  middle  of  the  Mai- 
pais^  at  the  foot  of  the  cone  of  Jorullo.  This  was^  of  course^  a 
knoll,  which  (as  very  often  happens)  had  been  surrounded, 
not  covered,  by  the  lava-flood.  And  the  undisturbed  condi- 
tion of  the  farm-buildings  at  least  should  have  led  M.  de 
Humboldt  to  doubt  that  there  had  been  a  sudden  blister-like 
upheaval  of  the  whole  surrounding  plain,  four  square  miles  in 
extent,  to  the  height  of  500  feet,  and  of  the  cone  of  Jorullo 
itself  to  that  of  1680  feet !  The  extraordinary  determination 
to  find  something  new,  strange,  and  unexampled  in  the  phe- 
nomena of  Jorullo  is  remarkably  evidenced  in  a  passage  of 
a  letter  fix)m  Yon  Buch  to  Humboldt,  quoted  by  the  latter 
(Kosmos,  iv.  Sabine's  transl.  p.  303),: — *'  Your  homitos  are 
not  cones  heaped  up  by  the  fall  of  erupted  substances ;  they 
have  been  upheaved  directly  from  the  interior  of  the  earth '' ! 
And  he  goes  on  to  compare  the  origin  of  Jorullo  with  that 
of  the  Monte  Nuovo.  The  parallel  is  correct ;  but  the  origin 
attributed  to  both,  by  the  Upheavalists,  is  equally  erroneous. 
(See  p.  325.)  The  summit  of  Jorullo  is  only  4265  feet  above 
the  sea. 

Westward  of  Jorullo,  and  almost  on  the  shore  of  the  Pacific, 
is  the  volcanic  mountain  of  Colima  (13,000  feet),  in  104^  W. 
long.  Colima  was  ascended  by  Pieschel  in  1852.  It  has  a 
double  summit,  one  having  a  crater  whence  vapours  and  sul- 
phuretted hydrogen  gases  were  issuing.  A  great  eruption  of 
ashes  is  recorded  from  it  in  1770,  and  in  March  1795  a  column 
of  glowing  scorise. 

It  is  remarkable,  that  if  the  line  of  transverse  fissure  on 
which  these  great  Mexican  volcanos  occur  is  prolonged  across 
that  ocean,  it  will  strike,  at  a  distance  of  440  miles  to  the 
westward,  the  group  of  the  Remllagedo  Isles,  in  110®  W.  long., 
which  are  believed  to  be  volcanic,  much  floating  pumice  having 
been  seen  around  them. 

Pieschel  describes  a  volcanic  branch-fissure,  studded  with 
extinct   craters  and  lava-streams,  as  running  from  Colima 
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parallel  with  the  shores  of  the  Pacific,  north-west  firom  Ghia- 
dalaxara.  This  north  and  south  train  perhaps  terminates  in 
the  neighbourhood  of  Durango,  in  lat.  2^°,  where  a  group  of 
basaltic  rocks,  covered  with  scorise,  rises  from  the  middle  of  a 
level  plain ;  and  on  the  simimit  of  one  of  the  neighbouring 
hills  a  crater  has  been  observed.  It  is  therefore  probable  that 
on  further  research  other  traces  of  volcanic  action  would  be 
discovered,  especiaUy  as  several  thermal  springs  are  known  in 
the  province  of  Guadalaxara. 

From  this  parallel  of  latitude,  the  Sierra  Madre  (the  south- 
western extremity  of  the  great  axial  granitic  range  of  the 
Rocky  Mountains)  begins  to  swell  upwards  and  commence  its 
long  course  to  the  north,  ranging  at  a  distance  of  from  450  to 
800  miles  from  the  shores  of  the  Pacific.  It  has  no  active 
volcanic  vents,  but  on  both  its  eastern  and  western  declivities 
are  occasional  traces  o£  volcanic  action  of  recent  date,  con- 
sisting of  cinder-cones,  craters,  and  lava-streams.  The  ex- 
ploring expedition  of  General  Fremont  discovered  two  large 
tracts  of  volcanic  formation, — one  on  the  route  from  Bent's 
Fort,  on  the  Arkansas  River,  to  Santa  Fe  in  New  Mexico, 
where  are  three  extinct  volcanos — the  Raton  Mountains^ 
Fisher's  Peak,  and  the  hill  of  El  Cerrito.  The  lavas  of  the 
first  cover  the  whole  country  between  the  Arkansas  and  the 
Canadian  River.  Peperino  and  basaltic  scoriae  abound  in 
the  prairies  eastward  of  the  Rocky  Mountains ;  and  there  is 
reason  to  believe  the  great  Spanish  Peaks  (in  lat.  87°  32'  N.) 
to  be  volcanic  mountains.  This  eastern  volcanic  district 
covers  an  area  at  least  eighty  geographical  miles  in  diameter. 
On  the  western  slope  of  the  Rocky  Mountains  the  evidences 
of  eruptive  activity  occupy  a  still  wider  space.  The  area 
begins  on  the  south,  about  lat.  33°  48^,  and  embraces  two 
north  and  south  ranges — that  crest  of  the  Rocky  Mountains 
which  is  cut  through  by  the  Pass  of  Lufii,  and  a  more  western 
division,  called  Sierra  di  San  Francisco.  The  first  has  one 
conical  mountain.  Mount  Taylor,  12,256  feet  high,  whence 
radiate  vast  lava- streams,  stretching  to  great  distances  from 
the  base  of  the  volcano  in  barren  fields  of  lava  covered  with 
scorise  and  piunioe.    About  seventy  miles  to  the  west  of  Lufii 
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rises  the  other  lofty  volcanic  ridge  of  San  Francisco,  the  highest 
peak  of  which  is  estimated  at  16^000  feet.  It  has  a  great 
summit-crater^  surromided  with  vast  currents  of  greenstone^ 
hasalt^  trachyte^  obsidian^  and  their  conglomerates.  Several 
other  mountains  of  the  same  character  continue  the  range 
northwards;  and  the  volcanic  territory  extends  on  the  west 
of  the  Great  Colorado  River  in  lat.  84°  25'  N.,  where  many 
extinct  cones  and  open  craters  can  be  recognized  near  the 
Soda  Lake. 

Further  to  the  west^  and  also  500  miles  to  the  norths  about 
the  forty-third  parallel  of  latitude^  and  between  the  meridians 
of  110°  and  112°  W.,  north  of  the  Great  Salt  Lake,  occurs 
a  vast  volcanic  group,  consisting  of  Fremont's  Peak  (13,568 
feet),  the  '  TTiree  Mountains/  and  the '  Trois  Teions'  of  nearly 
equal  height.  They  are  conical  peaks,  surrounded  with 
wide-spread  banks  and  fields  of  black  lava,  with  scoriaceous 
surfaces,  and  therefore  belonging  to  a  recent  eruptive  era, 
though  now  seemingly  extinct. 

All  the  volcanic  mountains  of  this  main  axial  range  of  North 
America  are  remarkable  for  their  extreme  distance  (from  500 
to  600  miles)  from  the  nearest  sea.  But  besides  these,  several 
lines  of  volcanic  openings  run  parallel  with  the  Rocky  Moun- 
tains, nearer  to  the  shores  of  the  Pacific.  The  peninsula  of 
Old  California  itself  is  believed  to  be  in  great  part  of  volcanic 
formation.  Three  high  peaks,  called  respectively  Loretto,  Gu 
gantaSy  and  La  Vergine,  are  particularly  mentioned  as  of  this 
character.  Mr.  Famham  describes  the  whole  peninsula  as  ''  a 
pile  of  volcanic  ashes,  scoriae,  and  lava,  almost  destitute  of  v^e- 
tation.^'  So  also  is  the  continuation  northwards  of  this  chain, 
called  the  Coast  Range,  or  Sierra  Nevada,  up  to  the  latitude  of 
San  Francisco,  where  is  the  Monte  del  Diablo,  an  extinct  vol- 
cano,  8672  feet  high,  and  further  north,  in  the  valley  of  the 
Sacramento,  a  wide  trachytic  crater,  called  th^  Sacramento  Butt, 
Yet  more  to  the  north,  about  the  source  of  that  river,  ^eSJuisty 
Mountains,  whose  summits  are  covered  with  perpetual  snow, 
are  composed  of  basaltic  lavas;  and  yet  further,  in  Oregon, 
the  Cascade  Mountains  contain  several  peaks,  equally  snow- 
oov^ed,  and  rising  to  heights  of  15,000  and  16,000  feet,  which 
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are  known  to  be  of  volcanic  nature^  some  being  still  active. 
Humboldt  gives  the  following  list  of  these,  commencing,  in 
lat.  42°  80',  with  Mount  Pitt,  9569  feet  high ;  Mount  Jeffer- 
son  or  Vancouver,  lat.  44°  35'  (15,700  feet),  a  conical  moun- 
tain; Mount  Hood,  45°  10',  certainly  an  extinct  volcano, 
covered  with  cellular  lava.  This  and  the  adjoining.  Mount 
St.  Helen's,  are  nearly  16,000  feet  high.  Saddle  Hill,  S.S.E. 
of  Astoria,  has  a  wide  crater.  Mount  St.  Helen's  continually 
sends  forth  smoke  from  its  crater:  it  is  of  a  very  regular 
conical  figure,  but  covered  with  perpetual  snow.  In  1842  an 
eruption  took  place,  which  spread  ashes  and  pumice  to  a 
great  distance  over  the  surrounding  country.  Mount  Adams, 
46°  18',  almost  due  east  of  St.  Helen's,  and  112  miles  from 
the  coast,  not  now  in  activity.  Mount  Reignier,  46°  48',  a 
still  burning  volcano,  12,230  feet  high,  in  violent  eruption  in 
1841  and  1843.  Mount  Olympus,  47°  50*,  south  of  the  Strait 
of  San  Juan  de  Fuca ;  and  to  the  east  Mount  Baker,  48^  48' 
(10,700  feet),  a  great  and  still  active  volcano,  of  very  regular 
conical  form,  which  forms  an  imposing  feature  in  the  scenery 
of  the  straits  Quitting  the  Coast  Range  for  the  interior,  we 
find  the  Pyramid  Mountain,  Mount  Broum  (16,000  feet),  and 
Mount  Hooker  (16,730),  52°  25', — lofty  volcanic  mountains 
of  trachyte,  in  British  Columbia,  rising  upon  the  main  cen- 
tral ridge  of  the  Rocky  Mountains,  near  the  sources  of  the 
Columbia  River,  and  at  distances  of  more  than  300  miles 
from  the  coast  of  the  Pacific.  There  is  reason  to  believe  in 
a  great  development  of  volcanic  formations  about  this  point. 
Between  this  range  and  Eraser's  River,  the  Black  Moun- 
tain is  the  centre  of  another  volcanic  district.  Indeed,  ^^  the 
great  Columbian  desert-plain,"  says  Mr.  Hector  (Joum.  (Jeol. 
Soc.  1861),  "  is  occupied  over  almost  its  whole  vast  surface  by 
a  series  of  horizontal  basaltic  lava-flows,  without  any  moun- 
tains or  peaks  near,  to  which  their  origin  can  be  referred. 
The  plain  is  cut  up  by  chasms  500  to  600  feet  deep,  the  sides 
of  which  expose  stratum  after  stratum  of  thin  lavas  inter- 
calated with  softer  tuff-beds.  The  lava-beds  have  often  a 
columnar  structure.  There  are  depressions  in  the  plain  occu- 
pied by  lakes,  which,  possibly,  mark  the  position  of  ancient 
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craters.  At  some  points  limestone  with  tertiary  fossils  un- 
derlies these  basalts.  The  Columbia  River  flows  for  a  great 
distance  through  an  enormous  chasm  in  these  strata  of  lava 
and  tuff,  giving  rise  to  the  most  wonderful  scenery/' 

The  volcanic  Coast  Range  is  believed  to  be  prolonged  north- 
wards, and  the  adjoining  islands  are  probably  of  the  same 
character.  It  is  to  be  hoped  that  the  progress  of  settlement 
in  this  new  territory  will  before  long  afford  us  some  more 
certain  knowledge  of  its  geological  structure.  The  small  island 
called  Lazarus,  near  Sitka,  lat.  57^  3'  N.,  has  a  volcano  called 
Mount  Edgecumbe,  3040  feet  high,  which  was  seen  in  violent 
eruption  in  1796,  when  it  dischai^ed  abundance  of  pumice. 
In  1806  it  was  found  to  have  a  lake  within  its  crater,  then 
tranquil.  Hot-springs  break  out  from  granite  in  the  vicinity. 
Mount  Fairweather,  lat.  58®  45',  14,610  feet  high,  is  covered 
with  pumice,  and  is  said  to  be  in  frequent  activity.  In  Cook's 
Inlet,  60*  Off,  there  is  an  active  volcano,  according  to  Wrangel, 
12,064  feet  high;  and  Mount  Elias,  60°  17'  (18,000  feet),  has 
been  certainly  seen  in  frequent  eruption.  Another  is  reported 
to  be  seen  occasionally  in  activity  very  far  inland,  about  lat.  62®. 

On  the  whole,  enough  is  known  of  this  scarcely  explored 
region  to  assure  us  that  volcanic  agency  has  been  and  still  is 
largely  developed  along  the  whole  western  coast  of  North 
America  from  the  Rocky  Mountains  to  the  sea,  the  trains  of 
habitually  eruptive  vents  generally  having  aN.W.-S.E.  direc- 
tion, parallel  to  the  main  western  axis  or  spine  of  the  Con- 
tinent. 

About  the  parallel  of  60°,  where  Mount  Elias  marks  the 
boundary  between  British  and  Russian  America,  the  Coast 
Range,  which  had  hitherto  been  trending  more  and  more  west- 
wards from  its  general  N.N.E.  course,  turns  suddenly  round  to 
the  S.E.,  forming  the  lengthened  peninsula  of  Alashka,  which 
is  continued  in  the  curving  chain  of  the  Aleutian  Islands,  across 
the  whole  breadth  of  the  North  Pacific  Ocean — there,  however, 
narrowed  to  less  than  15  degrees  of  longitude.  We  possess  no 
detailed  accounts  of  the  structure  of  this  remarkable  chain 
(960  miles  long)  of  peaks  of  so  many  submarine  mountains ; 
but  it  is  believed  that  the  greater  number,  if  not  all,  arc  of 
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volcanic  origin.  Upwai:ds  of  thirty-four  distinct  eminences^ 
it  is  said^  have  been  seen  in  activity  within  recent  historic 
times.  Beginning  on  the  eastern  or  American  side^  two  vol- 
canos  are  reported  in  the  peninsula  itself  of  Alashka, — one  of 
them^  Ilaman,  a  peak  1 1^600  feet  high.  The  island  of  St.  Paul, 
in  Behring's  Sea,  is  entirely  vcdcanic,  with  much  recent  lava 
and  pumice.  The  adjoining  island  of  Si.  George  is,  however, 
said  to  be  granitic.  On  the  island  of  Unalashka  a  volcano 
occurs,  called  MatnschJdn  (5474  feet  high);  its  trachytic  lava- 
rock  contains  much  hornblende  and  black  pitchstone-porphyry. 
Near  to  the  north  point  of  Unimak,  in  May  1796,  a  submarine 
eruption,  described  by  Kotzebue^  produced  an  insular  volcano 
which  continued  in  eruption  for  eight  years.  It  had  grown 
in  1819  to  be  about  sixteen  miles  in  circuit  and  2200  feet 
high.  Unimak  is  the  loftiest  of  all  the  volcanos  of  this  group, 
being  8076  feet  high.  Atcha,  one  of  the  Andrejanowski 
Islands,  has  three  smoking  vents ;  and  in  the  island  of  Tanaga 
is  a  very  large  volcano.  Attou,  further  east,  continues  the 
chain^  though  at  a  considerable  interval.  Behring's  Isle  forms 
the  last  link  of  the  chain  of  the  Aleutian  Isles  towards  the 
Asiatic  side.  Its  direction,  if  prolonged,  would  cut  the  main 
axis  of  the  Kamtschatkan  peninsula  nearly  at  right  angles, 
which  itself,  through  its  length,  is  believed  to  consist  of  a 
range  of  volcanic  heights. 

We  have  here  therefore  another  and  most  striking  example 
of  a  transverse  volcanic  fissure  meeting  at  right  angles,  or 
nearly  so^  not  one  only,  but  two  others  of  the  same  character. 
The  line  of  Kamtschatkan  volcanos  extends  northwards  of  the 
point  at  which  that  of  the  Aleutian  chain  appears  to  cut  it, 
which  would  be  about  Cape  Kamtschatka,  in  lat.  56^.  At 
this  precise  point,  however,  there  is  to  be  seen  a  remarkable 
group  of  volcanos  : — Krestotvik  (in  lat.  56°  4^). .  KbUchewsk 
(16,500  feet  high),  which  was  violently  eruptive  from  1726  to 
1731,  and  again  in  1767  and  1795.  In  1825^  Erman  was  an 
eye-witness  on  the  11th  of  September  to  the  eruption  of 
glowing  stones,  ashes,  and  vapour  from  its  summit,  while,  far 
below,  ^  considerable  stream  of  lava  poured  forth  frt>m  a  fissure 
on   its  western  declivity :  its  lava  is  trachytic,  and  rich  in 
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ohiifliaii.  Usckbukaja  Sopka  (t .  e,  conical  peak),  lat.  56^,  is 
nearly  connected  with  Klatchewsk.  Tolbatschi,  S.  lat.  55^  61' 
(8818  feet),  diacharges  at  intervals  smoke  and  ash  from  fre- 
quently shifting  Tents.  SchiwekUsch,  to  the  north  of  this 
gronp,  66^  iff  (10,544  feet),  has  two  summits.  Its  crater  was 
smoking  when  visited  by  Erman  in  1829.  Great  eruptions  took 
place  from  it  in  1789  and  between  1790  and  1810 :  on  the  last 
occasion  lai^  rocky  fragments  were  ejected.  In  February 
1854  an  eruption  b^an,  and  continued  for  some  months^  which 
produced  torrents  of  lava,  and  destroyed  the  northern  summit 
of  the  mountain  (C.  vonDittmar) .  Three  or  four  other  volcanos 
are  spoken  of  at  no  great  distance  from  this,  all  more  or  less 
active.  On  the  north-west,  in  57^  20^,  in  the  central  range  of 
the  peninsula,  on  the  Baidar  Plains,  is  to  be  seen  a  very 
ancient  crater,  about  a  league  in  diameter,  at  a  distance  from 
any  conical  mountain,  frt>m  a  fissure  in  the  floor  of  which  lava 
and  vesicular  scorise  of  a  brick-red  colour  had  been  erupted 
in  abundance.  Still  frirther  north  is  a  circular  crateriform 
lake,  about  fifteen  miles  in  diameter,  surrounded  by  the 
Falan  Mountains.  Southward  of  Klutchewsk  is  a  group  of 
high  volcanic  peaks  surrounding  another  large  elliptical  lake- 
basin,  called  Kranosk.  Both  of  these  are  probably  wide 
crater-lakes  of  the  character  of  those  which  were  described  in 
Mexico,  the  Lakes  Bolsena  and  Bracciano  in  Italy,  &c. 

Further  south,  in  53^  32',  we  come  to  Jupanowa  (9055 
feet),  having  a  truncated  summit  sending  forth  continual 
smoke.  It  is  probable  that  many  of  these  ^  smoking '  moun- 
tains may  be  in  the  condition  of  solfataras.  Koriatskaja, 
58^  19^  (height  11,210  feet),  rich  in  obsidian,  which  the  natives 
used  till  lately  to  point  their  arrows.  Awatska,  53°  17' 
(8910  feet  high),  was  in  violent  eruption  in  1837.  Messrs. 
Postel  and  Lenz,  who  visited  it  in  the  following  year,  describe 
a  vast  current  of  trachytic  lava  as  having  descended  from  the 
rim  of  the  great  crater,  and  now  projecting  like  a  massive 
buttress  from  the  flank  of  the  moimtain.  At  the  base  it 
spreads  out  in  a  high  platform,  from  the  surface  of  which, 
covered  by  a  thick  bed  of  ashes,  rise  numerous  conical  knolls 
averaging  10  feet  high,  evolving  at  the  time  of    heir  visit 
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streams  of  hot  vapours  with  an  odour  of  sulphuretted  hydro- 
gen ;  thus  presenting  a  perfect  parallel  to  the  homUos  of  the 
Malpais  of  Jorullo  as  seen  by  Humboldt  at  the  time  of  his 
yisit  to  that  volcano,  twenty  years  after  its  eraption.     Some 
six  or  seven  other  lofty  volcanic  cones  follow  in  a  string 
along  the  eastern  coast-line  down  to  the  last,  OpaHnskaja 
Sopka,  just  above  Cape.  Lopatka,  the  southern  point  of  die 
peninsula,  which  was  exceedingly  active  at  the  dose  of  the  last 
centiuy.     It  overhangs  on  the  north  another  large  oval  lake, 
of  about  the  size  of  the  two  already  mentioned.     There  are 
likewise  three  or  four  peaks,  some  always  smoking,  on  the 
western  slope  of  the  peninsula.     In  all,  no  less  than  fourteen 
active  volcanos  have  been  reckoned  in  the  entire  length  of 
the  peninsula  of  420  geographical  miles ;   and  it  would  seem 
probable  that  at  least  an  eqaal  number  of  mountains  of  vol- 
canic origin  might  be  counted,  now  extinct,  or,  perhaps,  only 
dormant. 

Kurile  Isles. — Immediately  to  the  south  of  Cape  Lopatka, 
the  first  island  of  the  Kurile  Group,  Paramauchir,  contains 
an  active  volcano.  Another,  Alaid,  somewhat  to  the  east, 
but  in  the  prolongation  of  the  line  of  more  easterly  volcanos  of 
Kamtschatka,  above  12,000  feet  high,  was  in  violent  eruption 
in  1770  and  1793.  The  other  islands  of  the  Kurile  chain, 
extending  720  miles  in  length  (evidently  the  summits  of  a 
train  of  volcanic  mountains  rising  from  the  depths  of  the 
ocean),  are  said  to  show  eight  or  nine  vents,  more  or  less 
in  activity.  Next  follow,  in  continuation  of  the  same  remark- 
able line  of  habitually  eruptive  volcanos,  those  of  Jesso,  and 
the  other  islands  of  the  Japanese  group. 

The  first  {Jesso)  is  as  yet  but  little  known  to  Europeans. 
At  its  north-eastem  angle  an  insular  volcanic  peak  {L* Angle) 
rises  from  the  sea  to  the  height  of  5350  feet.  And  the  main 
island  is  believed  to  be  intersected  by  a  range  of  volcanos 
from  the  Northern  Cape  to  Volcano  Bay  in  the  south-east, 
which  is  bordered  on  either  side  by  two  lofty  and  active 
cones.  Indeed,  Siebold  counts  no  less  than  seventeen  conical 
mountains  in  the  entire  length  of  the  island,  all  supposed  to 
be  of  volcanic  character.     One  is  called   by  the  Japanese 
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Usuffo-talee,  or  Mortar  Mountwi^  from  its  deep  crater.  This 
and  Kajo-nori  are  still  burning. 

.  In  the  other  great  islands  of  Japan  six  Yoleanos  are  recorded 
as  eraptiye  by  the  local  historians^  two  in  Niphon,  and  five  in 
JJSuftti.  Besides  these^  however^  a  range  of  conical  moun- 
tains threads  the  entire  length  of  the  three  islands^  many  of 
which  are  characterized  by  dearly-marked  craters^  and  are 
unquestionably  volcanic.  In  Niphon  nine  such  are  enume- 
rated, productive  of  tracnytic  lavas ;  two  of  them  are  estimated 
at  above  12,000  feet  in  height. 

The  knowli  active  volcanos  are^  beginning  at  the  norths 
Jak^ama,  lat.  41^  20^,  at  the  north-eastern  extremity  of  Ni- 
phon ;  another  of  the  same  name  (probably  it  is  Japanese  for 
'  burning  moimtain ')  in  lat.  36°  33'.  Assamajama,  north-west 
of  Jeddo,  in  the  interior  of  the  island^  lat.  36°  22'^  which  was 
in  violent  and  destructive  eruption  in  1783^  and  has  ever 
since  been  permanently  active.  Fusiyama,  lat.  35°  18'  (12^443 
feet  high),  a  beautifully  regular  cone^  truncated  only  near  the 
top,  where  is  an  oval  crater  measuring  about  1600  yards  by 
600,  and  350  in  depth.  The  moimtain  is  an  object  to  the 
Japanese  of  great  veneration  and  frequent  visits.  It  is  re- 
ported by  their  chronicles  to  have  been  first  formed  by  a  fierce 
eruption  in  the  'year  286  b.c.  Its  historically-known  erup- 
tions took  place  in  799,  863,  937,  1032,  and  1707  a.d.,  since 
which  last  date  the  volcano  has  been  in  repose.  No  doubt 
the  summit-crater  dates  from  the  last  outbreak. 

In  the  island  of  Kiusiu  are  coimted  as  active  volcanos, 
fVunaen,  32®  4'  (4110  feet),  tremendously  eruptive  in  1793, 
when  53,000  persons  are  said  to  have  been  destroyed.  The 
summit  of  the  mountain  'fell  in ' — more  probably  was  blown 
off.  Asoyama,  82°  45'  (both  to  the  E.S.E.  of  Nagasaki) ;  £trt- 
nma,  31°  45' ;  MUake,  an  island  in  the  Bay  of  Kagosima ;  and 
Ounga,  on  the  west  coast,  S.  of  Nagasaki. 

In  addition  to  these,  European  navigators  have  observed 
several  islands  adjoining  the  larger,  with  smoking  peaks  and 
craters :  viz.  Iwosima  (or  Sulphur  Island),  south  of  Kiusiu,  in 
Van  Piemen's  Strait,  lat.  30°  43',  2366  feet  high ;  Okosima, 
lat.  84°  42',  long.  139°  26'  W.,  from  which  Broughton,  in 


460  VOLGAKOS  OF  THB  WBSTBRN  PACIFia 

1797^  saw  smoke  risiiig  firom  a  crater  wliich  had  been  re- 
cently in  emption.  A  range  of  volcanic  islands^  according  to 
Poatel,  runs  sonthwarda  firom  Ohoaima  to  Fatsi  Sjo  (33°  &), 
and  thence  to  Bonin  Islands  (26°  SO"  N.),  more  than  12  degrees 
to  the  eastward.  The  chains  of  the  Marianne  and  Caroline 
Isles,  still  further  south,  which  are  likewise  volcanic,  appear 
to  be  the  prolongation  of  this  line. 

On  the  continental  side  of  the  Japap  Sea,  in  the  peninsula 
of  Corea,  no  volcanos  are  known ;  they  seem  to  be  confined 
to  the  adjoining  islands.  That  of  Quelpaertz  shows  several 
conical  peaks  indicative  of  volcanic  origin;  and  an  idand- 
volcano  on  the  coast  of  Corea,  Tsinmara,  is  said  to  have 
risen  firom  the  sea  in  the  year  1007. 

The  volcanic  train  of  the  Kuriles  and  Japanese  Islands  is 
continued  southwards  through  a  string  of  small  islands  to  the 
Loochoo  Group,  and  thence  to  the  great  island  of  FcMrmoea, 
where,  in  lat.  24°,  near  the  east  coast.  Lieutenant  Boyle  ob- 
served in  1853  an  eruption  firom  the  sea.  Among  the  smaller 
islands  of  the  chain,  Suwasesitna,  in  29^  89',  was  seen  in  active 
eruption  by  Captain  Belcher:  its  height  is  2803  feet.  Captain 
Basil  Hall  describes  it  as  having  a  crater  in  the  state  of  a 
solfatara.  Its  steep  sides  are  formed  of  beds  intersected  by 
dykes. 

In  Formosa  itself  a  high  chain  of  mountains  ranges  centrally 
through  the  island,  which  are  probably  volcanic,  since  abun- 
dance of  salt  and  sulphiur  are  met  with,  and  hot-springs ; 
flames  are  also  said  to  rise  out  of  some  of  the  lakes  and  firom 
the  groimd.  Tradition  indeed  speaks  of  some  of  these  moun- 
tains as  having  been  eruptive.  Two  volcanos  are  described 
by  M.  Stanislaus  Julien  in  the  'Comptes  Bendus'  for  1840. 

Some  of  the  lesser  islands  which  connect  Formosa  with  the 
Philippines  have  been  seen  in  eruption.  In  this  latter  group  no 
less  than  nineteen  lofty  insulated  conical  motrntainsi  all  called 
in  the  coimtry  '  volcanes,'  are  enumerated  by  Von  Buch. 

In  Luzon  or  Manilla,  the  most  northern  island,  the  largest 
volcano  is  Mayon.  It  is  described  as  perfectly  conical,  3200 
feet  high,  and  as  constantly  sending  out  a  column  of  vapour 
from  its  summit,  and  sometimes  flames  (projected  scoriae) :  its 
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detonations  are  heard  at  great  distances.  The  surrounding 
country  is  covered  with  its  ejections.  An  eruption  in  1767 
lasted  ten  days^  and  poured  forth  a  destructive  river  of  lava  for 
two  months^  foUowed  by  enormous  deluges  of  water^  which 
devastated  the  country  and  destroyed  several  towns  and  vil- 
lages. Mayon  was  also  in  eruption  in  1800^  and  again  in  1814. 

Another  volcano  in  Luzon  is  that  of  Taal — an  island  within 
a  lake,  containing  within  its  crater  (two  miles  in  diameter) 
another  lak^  from  which  rises  another  conical  volcano.  The 
diffii  encircling  the  crater  are  described  by  Lopez  as  from  900 
to  1200  feet  in  perpendicular  height,  and  at  the  time  of  his  visit 
millions  of  jets  of  inflamed  (hydr(^n)  gas  issued  from  their 
crevices.  The  waters  of  the  lake  are  impregnated  with  sul- 
phuric acid.  In  1716  a  terrific  eruption  took  place  from 
Taal,  and  in  1754  one  still  more  violent.  The  detonations  of 
the  volcano  were  heard  at  a  distance  of  300  leagues.  The 
explosions  were  terrific,  and  lasted  ten  days,  producing  dark- 
ness from  the  clouds  of  ejected  ashes,  which  covered  the  roofs 
of  houses  at  Manilla,  twenty  leagues  distant.  In  the  imme- 
diate neighbourhood  of  the  mountain  rocks  of  large  size  were 
thrown  up,  and  streams  of  sulphur  and  bitumen  overran  the 
district  of  Bongbong.  The  alligators  and  fish  in  the  adjoining 
river  were  destroyed  in  vast  numbers. 

No  less  than  eleven  volcanos  are  said  to  be  ranged  in  a 
line  along  the  narrow  peninsula  of  Camarines,  the  south-east 
extremity  of  this  island  (Luzon).  One  of  them,  8200  feet 
highly  was  in  violent  eruption  in  1800  and  in  1814.  In  the 
little  island  of  Mindaro,  opposite  to  Manilla,  is  a  volcano  in 
never-ceasing  activity. 

In  the  island  of  Mindanao,  the  most  southern  of  the  larger 
Philippines,  at  Bukayan,  is  a  volcano  which  was  in  eruption 
in  1640,  and  flung  out  large  masses  of  rock  to  a  distance  of 
two  leagues.  The  ashes  fell  throughout  the  Moluccas  and 
Borneo.  Dense  darkness  covered  the  nearer  islands.  The 
mountain  whence  the  explosions  proceeded  disappeared,  and  a 
lake  was  formed  in  its  place  (a  crater-lake),  the  waters  of 
which  were  long  white  with  ashes.  (Bowring's  '  Philippine 
.  Isles,'  1861.) 
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This  large  island,  Mindanao,  it  will  be  obsenred,  has  a 
forked  shape,  throwing  out  two  great  promontories,  one  to 
the  south,  the  other  to  the  south-east ;  and  it  would  seem 
that  the  great  volcanic  chain  or  fissure  is  here  divaricated, 
and  branches  off  in  these  two  several  directions  :  the  south- 
eastern threading  the  Sooloo  chain  into  Borneo ;  the  southern 
ranging  through  that  of  Sangir  and  Swao  (both  volcanos 
recently  in  eruption),  across  Banka  Strait,  to  the  north-east 
extremity  of  Celebes. 

The  long-extended  group  of  the  Sooloo  Islets,  probably 
fully  a  hundred  in  number,  which  connects  Mindanao  with 
Borneo,  is  partly  volcanic,  partly  composed  of  coral-reefi». 

In  Borneo  itself  we  have  no  certain  knowledge  of  any  active 
volcano ;  we  are,  indeed,  only  acquainted  with  some  narrow 
strips  of  its  coast ;  nor  are  its  loftiest  mountains  supposed  to 
be  volcanic.  Rajah  Brooke,  however,  mentions  a  mountain 
in  Sarawak  as  bearing  the  name  of  Goowung  Apt  ('fiie- 
mountain  *  in  Malay),  and  as  surrounded  with  scoriae — ^witiiout 
doubt,  therefore,  of  volcanic  origin. 

The  other  or  eastern  branch  of  the  volcanic  train  would 
seem  to  range  through  Celebes,  in  which  Dr.  Junghuhn  counts 
eleven  active  volcanos,  in  a  line  pointing  due  south  towards 
Flores,  where  it  would  meet  and  cross  another  train  of  the 
same  character,  which,  diverging  from  the  north  of  Celebes, 
passes  with  a  sweeping  curve  through  Tidore  and  Temate 
(both  volcanos)  into  the  Moluccas,  Ceram,  and  Amboyna 
(sending  off  also  another  branch  to  the  coast  of  New  Guinea, 
where  Dampier  saw  a  volcano),  until  it  Mis  into  the  due  east 
and  west  train  of  Timor,  Flores,  Sumbawa,  Java,  and  the  inter- 
mediate islands  of  this  remarkable  linear  range. 

Six  volcanos  are  said  to  range  dose  together  along  the 
narrow  peninsula  of  Mucado,  in  the  north-east  of  Celebes. 
The  island  of  Temaie,  to  the  west  of  the  larger  island  of 
Gilolo,  one  of  the  Moluccas,  consists  of  a  volcanic  cone  (5755 
feet  high),  whence  violent  eruptions  broke  out  from  1608  to 
1673,  and  again  firom  1838  to  1849,  after  an  interval  of  a 
century  and  a  half  of  quiescence.  Another  volcano  opened 
on  the  west  side  of  Gilolo  in  1673,  and  threw  up  immense 
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quantities  of  pumice.  Amboyna  is  iv holly  volcanic ',  it  had  a 
fearful  eruption  in  1694,  and  another  in  1820;  it  now  emits 
sulphureous  vapours  and  eruptions  of  hot  mud.  The  island 
of  Sorea,  the  most  southern  of  the  Moluccas,  was  entirely 
desolated  in  1693  by  an  eruption,  having  been  previously  very 
fertile,  populous,  and  well  cultivated.  The  bulk  of  the  moun- 
tain was  destroyed,  and  a  lake  of  incandescent  lava  took  its 
place.  In  that  of  Machian,  in  1646,  a  lofty  volcanic  moun- 
tain was  rent  in  two  from  top  to  bottom  by  a  violent  eruption. 
The  little  island  of  Banda,  or  Goonung  Apt,  south  of  Ceram, 
1800  feet  high,  was  always  burning  from  1586  to  1824.  The 
great  peak  of  Timor  once  served,  like  Stromboli,  as  a  light- 
house to  mariners,  being,  from  its  vast  height,  visible  at  a 
distance  of  300  miles.  In  1638  a  prodigious  eruption  blew 
off  the  greater  part  of  the  cone  and  replaced  it  by  a  large 
lake.  It  will  be  remarked  that  this  is  an  event  of  frequent 
occurrence  among  the  powerful  volcanos  of  this  quarter  of  the 
globe.  On  the  small  island  of  Pulu  Batu,  north  of  Flores,  a 
volcano  in  1850  was  seen  to  pour  down  a  glowing  stream  of 
lava  upon  the  sea-beach. 

Indeed  volcanic  activity  is  so  rife  in  this  Archipelago,  that 
Dr.  Junghuhn  reckons,  from  actual  enumeration  within  the 
wreaths  of  islands  surrounding  the  great  continental  mass  of 
Borneo,  no  less  than  109  lofty  fire-emitting  moimtains  and 
ten  mud-volcanos,  all  in  activity  at  present. 

The  large  island  of  Flores  contains  at  least  three  active 
volcanos.  Sumbawa  is  noted  for  an  eruption  of  paroxysmal 
violence  which  took  place  from  the  mountain  of  Tomboro  in 
1815,  of  which  we  have  an  authentic  accoimt  from  Sir  Stam- 
ford Raffles.  It  commenced  on  the  5th  of  April  with  detona- 
tions which  were  heard  at  Sumatra,  nearly  1000  miles  off  in  a 
straight  line,  and  were  mistaken  there  for  the  firing  of  artil- 
lery. Three  distinct  columns  of  flame  (red-hot  scorise)  were 
seen  to  rise  from  the  mountain  to  a  vast  height,  and  its 
whole  surface  soon  appeared  as  if  covered  with  fiery  lava- 
streams,  which  spread  to  great  distances  on  all  sides ;  stones 
fell  for  miles  around — many  as  large  as  a  man's  head ;  and  the 
black  fragmentary  matter  carried  into  the  air  caused  total 
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darkness.     A  whirlwind  is  said  to  liave  accompanied  the  oom- 
mencement  of  the  eruption^  hy  which  the  roofe  of  houses, 
trees^  and  even  men  and  horses  were  carried  into  the  air. 
The  shore  about  the  town  of  Tomboro  sank  permanently  to  t 
depth  of  eighteen  feet.    The  explosions  lasted  thirty-four  days. 
The  abundance  of  ashes  ejected  was  such  as  to  catbe  com- 
plete darkness  at  mid-day  in  Jaya^  300  miles  distant^  and  they 
covered  the  ground  and  roofs  of  houses  there  to  the  depth  of 
several  inches.     In  Sumbawa  itself  the  part  of  the  island 
adjoining  the  mountain  was  entirely  desolated^  all  the  houses 
destroyed,  with  12,000  inhabitants,  and  the  trees  and  herbage 
overwhelmed  to  a  great  depth  by  pumice  and  ash.     At  Bima, 
forty  miles  distant  from  the  volcano,  the  weight  of  these  fidlen 
matters  was  so  great  as  to  break  in  the  roofs  of  houses.    The 
floating  pumice  upon  the  sea  around  formed  a  layer  two  feet 
thick,  through  which  vessels  with  difficulty  forced  their  way. 
(Baffles's  ^  Java,'  vol.  i.  p.  28.)    It  is  evident  that  the  void  Itift 
in  the  mountain  by  the  abstraction  of  so  much  matter  will 
accoimt  for  a  crater  of  the  largest  known  area.   (See  pp.  171 
&  204.)     Sumbawa  is  connected  with  Java  through  the  island 
of  Lombok,  in  which  rises  one  volcanic  mountain,  7500  feet 
high,  and  another,  BaH,  which  was  in  eruption  in  1803. 

The  single  island  of  Java  contains  a  larger  number  of  active 
volcanos  than  any  other  district  of  equal  extent  on  the  face  of 
the  globe.  We  owe  our  knowledge  of  them  in  great  part  to 
Dr.  Horsiield,  who  accompanied  Sir  Stamford  Baffles  during 
his  residence  in  the  island,  and  more  recently  to  Dr.  Jung- 
huhn,  who  spent  twelve  years  there  in  the  examination  of  its 
natural  phenomena.  The  latter  author  measured  and  de- 
scribes no  less  than  forty-five  volcanic  cones,  which  range 
through  the  entire  length  of  the  island,  composing  its  axial 
heights.  About  half  of  these,  twenty-eight  in  number,  are 
still  in  activity,  that  is,  in  continual  or  occasional  eruption. 
They  are  generally  far  inferior  in  elevation  to  the  great  conical 
volcanos  of  Central  and  South  America,  but  are  yet  of  im- 
posing height  and  magnitude.  The  highest,  Gununff  Semera, 
was  ascended  by  Junghuhn  in  1844,  and  rises  12,235  feet 
above  the  sea.     Four  others  are  between  10,727  and  11,116 
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feet^  and  seven  between  9000  and  10,000  feet  high.  The 
largest  known  crater  on  any  of  these  mountains  is  that  of 
Ounmng  Tengger  (8700  feet  high).  It  is  1865  feet  deep  from 
the  ridge  of  the  surrounding  escarpment^  and  three  and  a  half 
miles  in  diameter.  In  its  centre  rise  four  small  cones,  each 
with  its  crater^  and  all  burning  except  one^  called  Bronio, 
which  has  a  lake  of  warm  and  sulphureous  water  in  its  in- 
terior. It  was  visited  and  described  by  Professor  Jukes. 
Another  mountain^  Gunung  Raon,  10,180  feet  high^  has  a 
still  deeper  crater,  the  bottom  being  2KX)  feet  below  its  en- 
circling  ridge,  and  the  sides  precipitous :  its  diameter  is  not 
quite  two  miles.  The  view  into  this  crater  is  described  as 
awfiilly  grand.  According  to  Junghulin,  the  active  cones  and 
craters  of  the  island  are  surrounded  by  old  crater-walls — 
sometimes  by  a  double  enceinte,  the  outer  one  being  five  or 
six  miles  in  diameter. 

The  most  destructive  eruption  on  record  of  the  Javanese 
volcamos  took  place  in  1772,  from  the  mountain  (or  Gunung) 
called  Papandayang  (7034  feet  high).  At  the  same  moment 
two  other  volcanos  of  the  same  island,  situated  respectively 
184  and  352  geographical  miles  in  a  direct  line  from  Pa- 
pandayang, also  broke  out,  although  several  intervening  vol- 
canic cones  of  the  chain  remained  undisturbed.  This  fact, 
and  some  other  parallel  ones  that  might  be  quoted,  indi- 
cates the  complex  character  of  the  communication  or  con- 
nexion which  must  exist  between  the  eruptive  fissures  through 
which  the  volcanic  matter  finds  its  way.  Humboldt,  in  re- 
ference to  this,  very  justly  recalls  the  fact,  that  on  the  morning 
of  the  4th  February,  1797,  when  a  dreadful  earthquake  de- 
stroyed the  town  of  Riobamba,  at  the  foot  of  Cotopaxi  and 
Tunguragua,  neither  of  those  volcanos  seemed  to  be  influenced 
by  the  commotion,  although  that  of  Pasto,  at  the  distance  of 
120  miles,  showed  its  sympathy  by  the  sudden  cessation  of  its 
habitual  column  of  vapour.  Probably  the  superficial  crust 
is  penetrated  by  a  network  of  fissures,  some  reaching  to  far 
greater  depths  than  others — some  firmly  sealed  up  by  con- 
solidated lava — others  empty,  or  in  which  the  filling  is  still 
fluid,  and  therefore  more  yielding.   (See  pp.  272-5.) 
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The  great  eruption  of  Papandayang  has  been  often  quoted 
as  affording  an  instance  of  the  engulfinent  of  the  summit  of 
a  volcanic  mountain^  and  its  giving  place  to  a  lake  or  low 
plain.     Dr.  Junghuhn  refutes  this  misrepresentation,  and  de- 
scribes the  occurrence  to  have  been^  on  the  contnuy,  of  the 
character  which  in  the  body  of  this  work  I  have  represented 
as  the  ordinary  and  normal  result  of  a  great  paroxysmal  erup- 
tion from  a  volcanic  cone,  namely  the  blowing  off  of  the  entire 
summit  by  long-continued  explosions,  and  the  scattering  of 
its  materials  in  fragments  over  the  surrounding  country — 
the  finer  and  lighter  or  more  triturated  particles  being  borne 
away  by  the  winds  to  enormous  distances  (see  p.  195) .     The 
forty  villages  which,  with  their  inhabitants,  were  generally  re- 
ported as  having  been  ''  swallowed  up  by  the  opening  groundj* 
were,  on  the  contrary,  overwhelmed  by  these   fragmentary 
ejecta.     And  the  area  of  fifteen  miles  by  six,  which  was  sup- 
posed to  have  ''  sunk  deep  into  the  earth,'^  is  the  hollow  left 
by  the  explosions  of  this  paroxysmal  eruption, — a  true  crater, 
in  short,  but  in  magnitude  comparable  to  the  very  largest  of 
those  whose  vast  dimensions  have  caused  many  geologists 
hitherto  to  question  their  explosive  origin. 

The  volcanos  of  Java  throw  up  prodigious  quantities  of  fine 
ash,  often  in  the  state  of  mud,  from  mixture  with  the  contents 
of  crater-lakes,  and  of  these  substances  the  external  slopes  of 
the  mountains  are  consequently  for  the  most  part  composed. 
They  are  hence  very  subject  to  erosion  by  tropical  torrents  of 
rain  acting  on  their  loose  or  soft  materiab,  and  are  thus 
scored  deeply  on  all  sides  with  radiating  ravines  of  a  regularity 
compared  by  Junghuhn  to  the  depressions  between  the  sticks 
of  a  half-opened  umbrella.  When  the  summit  of  such  a  cone 
has  been  blown  off  by  an  explosive  paroxysm  (and  many  of  the 
cones  are  so  truncated),  the  upper  parts  of  these  ravines  form, 
of  course,  so  many  notches  cutting  into  the  sharp  ridge-rim  of 
the  crater  all  round  its  circuit.  The  eruption  of  lava  is  spoken 
of  as  unfrequent  in  comparison  with  that  of  fine  ash  and  mud, 
which  hardens  into  a  kind  of  trass  or  Moya.  Dr.  Horsfield, 
however,  describes,  upon  the  volcano  of  Gummg  Guntur,  five 
great  streams  of  lava  which  flowed  from  its  summit  and  reached 
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to  the  foot  of  the  mountain  at  different  known  periods — the  last 
in  1800.  Three  other  volcanos  arc  also  mentioned  by  Jimg- 
hnhn  as  having  poured  forth  black  basaltic  lava-streams.  Pro- 
bably they  are  not  so  rare  as  is  supposed^  but  concealed  firom 
view  by  the  abundance  of  ash  and  trass.  The  lavas  of  Java 
are  greystone  chiefly^  and  often  contain  much  leucite^  bearing 
a  great  resemblance  to  those  of  Vesuvius.  There  are  dykes 
of  pitchstone.  Trachyte  seems  rare^  but  composes  one  volcano 
called  lilu :  it  is  a  mixture  of  glassy  felspar  and  hornblende. 
Pumice  and  obsidian^  as  we  might  expect,  are  to  be  seen  only 
in  tiiis  locality.  Beds  of  basalt  or  greystone  are  met  with 
wherever  the  torrents  have  eaten  deeply  into  the  plains  at  the 
foot  of  the  volcanos^  and  are  sometimes  interbeddcd  with  ter- 
tiary sedimentary  rocks.  These^  indeed^  compose  the  greater 
part  of  the  superficial  area  of  the  island^  especially  the  south- 
em  side« 

The  eruption  from  Guntur  in  1800  threw  out,  in  addi- 
tion to  the  lava  already  mentioned,  a  vast  torrent  of  white, 
acid,  sulphureous  mud — the  contents,  no  doubt,  of  a  long- 
seething  solfatara — which  devastated  the  wide  surface  of  a 
previously  fertile  valley.  Sulphureous  vapours  arc  abundant 
in  many  parts  of  the  island.  Mount  Idienne,  towards  the  east, 
has  a  crater-lake  of  acid  waters  surrounded  by  banks  of  pure 
sulphur.  The  river  that  issues  from  it  contains  no  fish.  Hot 
jsaline  springs  with  petroleum  are  frequent :  some  throw  up 
volumes  of  black  mud,  in  great  globular  bubbles,  20  or  30 
feet  high  (mud- volcanos).  One  valley  (probably  a  crater)  is 
called  the  Poison-valley  (Guevo  Upas),  from  the  fact  that 
every  living  thing  that  crosses  it  is  stifled  by  the  carbonic  acid 
gas  that  fills  its  hollow.  Bleached  bones  of  men  and  animals 
ore  strewn  over  its  surface. 

Sumatra. — ^This  great  island  has  been  less  visited  by  natu- 
ralists than  Java,  with  which  it  is  continuous,  with  the  in- 
terval of  a  narrow  strait.  It  is  known,  however,  to  be  almost 
equally  volcanic.  Marsden  describes  (aui  active  volcanos  in 
its  nrincipal  range.  One  called  Priamanff,  twenty  miles  inland 
from  Bencoolen,  emitted  continual  vapour  from  a  vent  one- 
fourth-way  down  from  the  summit.     It  was  observed  to  send 
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forth  flames  (probably  red-hot  stones)  at  the  same  moment  at 
which  an  earthquake  was  felt.  The  inhabitants  of  the  island 
connect  the  occurrence  of  the  more  destructive  earthquakes 
with  the  quiescence  of  their  yolcanos^  which  they  consequently 
rejoice  to  see  in  activity.  Gtinunff  Dempo,  the  highest  moun- 
tain in  the  island  (12,000  feet),  almost  constantly  emits  vapoor. 
Hot-springs  are  frequent,  and  much  basaltic  rock  has  been 
observed.  It  would  seem,  however,  that  granite  is  found  in 
some  parts  of  the  island,  as  well  as  limestone  of  a  coralline 
origin,  especially  along  the  n(»rthem  coast. 

The  Nicobar  and  Andaman  Isles  appear  to  be  the  prolon- 
gation of  the  volcanic  range  of  Sumatra  northwards.  One  of 
the  latter.  Barren  Island,  has  been  already  mentioned  (p.  199) 


Barren  Island,  in  the  Bay  of  BongaL 

as  a  typical  example  of  an  insular  volcano,  consisting  of  an 
active  cone,  encircled  by  the  cliffs  of  a  wide  ancient  crater, 
into  which  the  sea  enters  by  a  breach.  The  explosions  of  this 
volcano  occur  regularly,  at  intervals  of  about  ten  minutes. 
The  island  of  Narcondam  (13°  24'  N.),  north  of  this,  has  also 
shown  volcanic  activity.  It  is  a  cone  700  feet  high,  with 
streams  of  lava  visible  on  its  flanks. 

Another  island,  Chedooba  (18°  40^),  and  a  neighbouring 
one,  Rhamree  (19°),  near  the  coast  of  Arracan,  are  likewise 
volcanic.  The  latter  is  said  to  have  burst  into  violent  eruption 
in  March  1839,  at  the  moment  that  the  neighbouring  penin- 
sula was  disturbed  by  a  tremendous  earthquake,  ranging  north 
and  south,  which  was  felt  in  the  Andaman  Isles  on  one  side, 
and  in  China  on  the  other.  Much  change  of  level  appears 
also  to  be  going  on  upon  this  coast.  Certain  islands,  said  to 
have  existed  in  1554,  are  now  submerged ;  and  in  1843  a  new 
island  was  formed  off  the  coast  of  Arracan.    Remarkable  hot- 
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BpringSy  as  well  as  inflammable  gases^  rise  fix)m  the  ground  in 
the  neighbourhood  of  Chittagong. 

Here  seems  to  terminate  (unless  the  future  exploration  of 
the  Burmese  territory  should  bring  to  light  its  further  con- 
tinuation towards  the  Himalayas  or  Hindostan)  the  most  re- 
markable train  of  volcanic  vents  visible  upon  the  surface  of 
the  globe^  and  which  we  have  now  traced  through  60  degrees 
of  latitude^ — ^from  the  north  of  the  peninsula  of  Kamtschatka^ 
beyond  the  point  where  it  meets  the  transverse  chain  of  the 
Aleutians^  threading  the  Kurile^  Japanese^  and  Loochoo  in- 
sular ranges^  almost  touching  the  coast  of  China  in  Formosa^ 
then  stretching  due  south  through  the  Philippines^  whence 
several  loop-lines  appear  to  branch  ofi^,  through  Borneo,  Ce- 
lebes, the  Moluccas,  and  New  Guinea,  in  sweeping  and  almost 
concentric  curves.  These  again  unite  on  the  south  in  the 
great  east  and  west  chain  of  almost  continuous  volcanic 
heights,  from  Timol"  Laut,  through  Flores  and  Java,  bending 
once  more  northwards  in  Sumatra  and  the  Andamans.  The 
interior  of  this  grand  curvature  is  occupied  by  the  as  yet 
imexplored  great  peninsula  of  Cochin  China  and  island  of 
Borneo,  whose  roimded  coasts  repeat  it  with  parallel  concen- 
tric outlines — a  concordance  which  can  hardly  be  a  mere  acci- 
dent. It  is,  indeed,  difficult  to  escape  the  conviction  that  the 
plutonic  elevation  of  the  axial  mass  of  this  great  southern 
embranchment  from  the  high  central  Asiatic  platform  had  the 
collateral  effect  of  rending  the  crust  of  the  earth,  at  some 
distance  aroimd  it,  from  east  to  west  by  south,  with  a  loop-like 
series  of  concentric  fissures,  which  allowed  the  extravasation 
of  the  subterranean  intumescent  lava  in  those  curved  ranges 
of  volcanic  apertures  we  have  been  lately  engaged  in  tracing. 
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From  the  island  of  Gilolo,  in  the  centre  of  the  group  of  the 
Moluccas,  it  has  been  already  noticed  tliat  another  train  of  vol- 
canic vents  branches  off  towards  the  cast,  ranging  along  the 
northern  coast  of  Papua  or  New  Guinea,  where  more  than  one 
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Tolcauo  has  been  seeu  in  active  eruption,  as  well  upon  the 
mainland  (of  which  but  little  is  known)  as  in  the  adjacent  islands. 
It  is  continued  through  New  Britain,  the  Solomon  group,  Qu^fii 
Charhtt^s  hies,  the  New  Hebrides,  and  New  Caledonia,  and, 
though  with  a  considerable  interval,  still  further  8onthward% 
into  New  Zealand.  Its  course  through  this  extended  curve 
holds  a  remarkable  parallelism  to  tiie  coast-line  of  Australia  at 
some  distance  to  the  west,  which  indeed  it  seems  to  embrace — 
very  much  in  the  same  way  as  the  wreath  of  volcanic  islands  last 
described  embraces  that  of  Borneo.  The  islands  composing 
this  prolonged  chain  are  believed  to  be  almost  exclusively  of 
volcanic  origin ;  many  of  them  certainly  contain  active  vents. 
In  the  Solomon  Isles,  one,  called  Semoya,  has  been  seen  in 
activity.  New  Caledonia  is  said  to  show  some  plntonic  rocks, 
together  with  carboniferous  and  other  sedimentary  strata,  but 
is  surrounded  by  basaltic  islands.  The  New  Hebrides  ocm- 
tain  at  least  two  active  volcanos,  in  the  isles  Tanna  and  Abrim, 
Near  New  Britain  there  are  two  more.  MaUcolo,  in  the 
Queen  Charlotte  Isles,  shows  much  pumice.  New  Caledonia 
is  chiefly,  it  is  believed,  granitic ;  but  an  isle  called  Maithew^s 
Rock,  S.E.  of  it,  1180  feet  high,  was  seen  in  eruption  in 
1828 ;  and  in  the  archipelago  of  Santa  Cruz  are  two  known 
volcanos,  Tinahoro  and  a  smaller  one. 

New  Zealand  contains  several  active  volcanos,  and  a  con- 
siderable area  is  covered  by  the  products  of  very  recent  erup- 
tions. In  the  Northern  Isle,  Mount  Egmoni  (8960  feet) — a 
truncated  cone,  with  a  smaller  ash-cone  on  its  summit — is 
occasionally  active :  its  mass  consists  of  clinkstone  lavas  and 
scoriae.  So  likewise  are  Tongariro  (6200  feet),  in  the  centre  of 
the  widest  part  of  the  island,  and  Ruapahu  (9000  feet),  rather 
more  to  the  south.  The  Lake  of  Taipu,  at  the  foot  of  Tonga- 
riro, is  surrounded  by  hills  of  pumice  and  ash ;  and  thence,  in  a 
N.E.  direction,  a  line  of  solfataras  and  hot-springs  extends  to 
the  coast  of  the  Bay  of  Plenty,  in  the  centre  of  which,  fFMie 
Island,  a  volcano  of  considerable  activity,  rises  from  the  sea. 
Further  northward,  in  the  narrowest  part  of  the  island,  the 
district  of  Auckland  consists  of  horizontal  strata  of  tertiaiy 
limestone  and  sands,  studded  ^vith  the  products  of  very  recent 
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eruptions^  chiefly  from  numerous  independent  vents.  Mr. 
Heaphy  (Joum.  G^ol.  Soc.  1859)  divides  the  volcanic  forma- 
tions of  this  district  into — 1.  Peaked  mountain-masses  of  tra- 
chyte and  its  conglomerate — a  "black  boulder-rock'' — all 
older  than  the  tertiary  strata.  2.  The  products  of  subaqueous 
eruptions  through  the  tertiary  beds  at  the  time  they  were  sub- 
mei^ed  and  in  course  of  deposition^  as  shown  by  the  inter- 
bedding  of  the  volcanic  and  fossiliferous  strata.  3.  Eruptions 
that  occurred  about  the  time  of  the  upheaval  of  those  strata, 
the  cones  and  lavas  having  risen  through  faults  broken  in  them. 
4.  Cinder-cones  and  lava-streams  of  very  recent  aspect.  These 
last  show  many  tuff-craters  resembling  those  of  the  Phle- 
graean  fields^  frequently  having  lakes,  or  ^  maars/  in  the  inte- 
rior, and  streams  of  basaltic  lava  traceable  to  them.  The 
borders  of  the  tuff-craters  are  often  very  little  above  the  sur- 
rounding plain.  There  are  also  many  regular  cones,  often  with 
breached  craters.  One  large  insular  volcano,  Rangitoto,  not 
at  present  in  activity,  is  evidently  the  product  of  repeated 
eruptions  from  the  same  vent.  It  has  a  central  cone  and 
crater,  920  feet  high,  rising  from  within  an  external  crater- 
ring,  which  is  surrounded,  in  turn,  by  the  ruins  of  an  earlier 
outer  crater,  of  which  the  rim  reaches  about  600  feet  above 
the  sea. 

It  is  not  known  whether  the  Southern  Island  of  New  Zea- 
land contains  any  active  or  extinct  volcano;  but  Chatham 
Island,  a  little  to  the  eastward,  is  certainly  volcanic. 

A  few  scattered  islets,  the  Auckland  group,  Macquarie, 
Campbell,  and  Emerald  Isles,  appear  as  if  they  formed  a  pro- 
longation of  the  meridional  train  of  volcanos  which  has  occu- 
pied us  last,  in  the  direction  of  Victoria  Land,  within  the 
Antarctic  circle,  on  the  coast  of  which  Sir  John  Ross  observed 
two  lofty  fire-emitting  volcanic  mountains,  appropriately 
named  by  him  (after  his  vessels)  Mounts  Erebus  and  Terror. 
He  describes  them  as  covered  with  perpetual  snow,  except 
where  the  hot  lava  and  ashes  had  melted  it,  and  as  seem- 
ingly composed  of  beds  of  basalt  alternating  with  others  of 
ice.  It  is  easily  understood  how  a  thick  coating  of  scorise 
and   ash  may   protect   the  surface  of  a  glacier  from  being 
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thawed  even  by  a  stream  of  glowing  lava  poured  upoo  it, 
and  the  lava  in  turn  may^  by  its  weighty  keep  the  glacier  in 
its  place^  until  a  whole  mountain  has  been  built  up  of  these 
strange  elements. 

The  line  of  the  coasts  of  Victoria^  if  prolonged  past  the 
South  Pole^  will  be  found  to  coincide  with  that  of  South 
Shetland^  already  noticed,  immediately  S.  of  Ci^  Horn.  If 
we  suppose  the  Yolcanic  fissure  through  the  earth's  crusty  which 
we  have  followed  so  far,  to  be  continuous  along  that  space,  it 
will  literally  have  made  the  complete  circuit  of  the  great  basin 
of  the  Pacific  Ocean,  nearly  bisecting  the  globe.  (See  pp.  12 
&  277.) 

The  great  continental  area  of  Australia  itself  shows  marks 
of  volcanic  action  on  several  points  of  its  circuit.  At  its 
southern  extremity,  in  the  province  of  Victoria,90ine  hundreds 
of  recent  cinder-cones  are  to  be  seen,  most  of  which  have 
produced  streams  of  basaltic  lava  that  deluged  the  surrounding 
plains.  These  eruptions  broke  through  surface-rocks  of  granite 
and  auriferous  palaeozoic  schists,  covered  by  beds  of  tertiary 
basalt,  which  alternate  with  sandstones  containing  Miocene 
marine  shells.  Dykes  both  of  the  earlier  and  recent  basalts 
penetrate  all  these  rocks,  and  connect  themselves  with  the 
overlying  masses.  The  horizontality  of  the  sedimentary 
strata  has  not  been  disturbed.  Mr.  Brough  Smyth  (Joum. 
Geol.  Soc.  1857)  estimates  the  area  occupied  by  the  recent 
lava-fields  as  at  least  3500  square  miles.  It  constitutes  the 
garden  of  what  is  called  Australia  Felix,  from  the  richness  of 
the  soil  produced  from  the  decomposed  basalt.  He  thinks 
this  was  erupted  when  the  surface  was  beneath  a  shallow  sea, 
as  it  is  overlain  by  tertiary  drift.  Some  of  the  volcanos 
were,  however,  undoubtedly  subaerial,  since,  in  digging  a  well 
through  volcanic  ash  arranged  in  thin  strata,  at  a  depth  of 
63  feet  a  layer  of  turf  was  met  with,  formed  of  the  common 
coarse  grass  of  the  country — ^not  scorched,  but  like  dry  hay. 
This  locality  is  only  remarkable  for  the  great  number  and 
wide  dispersion  of  vents  productive  of  single  eruptions,  and 
the  absence  of  great  volcanic  mountains. 

Between  Adelaide  and  the  River  Murray,  Mount  Gambier  is 
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described  as  rising  600  feet  from  its  base^  and  as  having  three 
distinct  craters^  each  occupied  by  a  lake  of  fresh  water.  Mount 
Schenk  is  circular^  and  has  one  large  and  two  small  lateral 
craters.  Along  the  boundary-line  of  the  two  colonies^  South 
Australia  and  Victoria^  trap-rocks  occur  abundantly^  associated 
with  horizontal  strata  of  tertiary  limestones^  pierced  by  basaltic 
dykes^  and  showing  some  cones  and  craters  on  the  surface. 
The  volcanic  districts  that  have  been  observed  in  Australia 
appear  to  bear  much  resemblance  to  those  of  Central  France, 
of  Corsica,  the  Katakckaumene  in  Asia  Minor,  Lancerote,  New 
Zealand,  and  many  others  we  have  already  noticed,  in  which 
eruptions  have  from  time  to  time  occurred  from  an  early  part 
of  the  tertiary  period  down  almost  to  the  present  time. 

In  Western  Australia  also  recent  volcanic  formations  have 
been  recognized,  and  again  at  Brisbane  and  other  spots  along 
the  east  coast.  The  Bluc-Mountain-ranges  behind  Sydney 
are  capped  by  basalt,  at  heights  above  2000  feet  from  the  sea. 
But  no  volcanos  in  positive  activity  have  yet  been  observed 
in  any  part  of  this  continent.  The  same  may  be  said  of  Van 
Diemen^s  Land,  where  numerous  old  platforms  of  basalt  and 
its  conglomerates  occur,  but  few,  if  any,  traces  of  very  recent 
development  of  volcanic  energy. 

Eastward  of  the  insular  chain  last  described,  several  more 
or  less  detached  groups  of  islands,  chiefly  volcanic,  occur 
upon  a  belt  which  crosses  the  entire  breadth  of  the  Pacific 
from  east  to  west.  Among  them  are  the  Feejee  Islands,  full  of 
both  basaltic  and  trachytic  lavas,  with  many  hot-springs,  and 
containing  many  tu£f-cones  with  craters  in  linear  ranges. 

The  Navigators'  Isles  to  the  north,  the  Friendly  group  to  the 
south  of  the  Feejees,  are  equally  volcanic :  in  the  latter,  the  peak 
of  Tqfua,  2138  feet  high,  is  always  burning ;  it  has  a  large  crater 
encircling  a  central  cone  of  scoriae.  Two  other  volcanos,  Apia, 
2576  feet,  and  Upala,  8197  feet,  are  surrounded  by  extensive 
fields  of  scoriform  and  cavernous  lava.  Further  to  the  east, 
Tahiti,  the  largest  of  the  Society  Isles,  is  composed  of  trachytic 
mountains  of  an  early  age,  whose  foci  seem  at  present  extinct. 
Of  these,  one  (Orobena)  is  said  to  be  10,000  feet  high,  and  to 
have  a  crater  on  its  summit.     The  group  of  the  Marquesas,  to 
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the  north-east  of  Tahiti^  is  likewise,  it  is  belieyed^  for  the  most 
part,  if  not  entirely,  volcanic. 

East  of  the  Society  Isles  follows  the  archipelago  of  the  Low 
I»land8,  which  consist  almost  wholly  of  flat  coralline  ree6, 
as  their  title  indicates,  with  the  exception  of  the  small  basaltic 
group  of  Gambler  and  Piicaim  Islands.  It  is,  however,  pro- 
bable that  all  rest  on  a  base  of  volcanic  rock.  The  volcanic 
range,  indeed,  is  continued  further  eastward,  along  the  same 
parallel,  in  Easter  Islands ,  on  which  Captain  Beechey  observed 
a  conical  mount,  1000  feet  high,  and  a  range  of  craters. 
Juan  Fernandez,  still  nearer  the  continent  of  South  America, 
is  basaltic. 

North  of  the  equator,  the  Western  Pacific  is  studded  with 
groups  of  very  small  islands — ^the  Carolines,  Ladrones  or 
Marianne  Isles  (already  mentioned),  MarshaWs,  Gilbert'Sytaid, 
further  northwards,  about  the  20th  paralle],  the  group  of  the 
Sandwich  Islands. 

The  Ladrones  contain  a  train  of  three  or  four  active  vd- 
canos,  in  a  north  and  south  direction.  Those  to  the  east 
and  west  are  volcanic  also,  but  are  not  believed  to  be  now 
active.  The  other  islands  of  these  archipelagos  are,  it  is 
supposed,  chiefly  coralline,  and  may  or  may  not  rest  upon  a 
foundation  of  volcanic  rocks. 

The  group  of  the  Sandwich  Isles  seems,  from  its  position, 
to  belong  to  a  more  northern  trans-Pacific  train  of  fissure, 
stretching  away  eastwards  from  the  Loochoo  and  Bonin 
Isles.  It  is  wholly  volcanic;  and  having  been  well  observed, 
especially  the  greater  island  of  Hawaii,  it  is  found  to  present 
many  features  of  considerable  interest. 

According  to  Mr.  Weld  ( Joum.  Gteol.  Soc.  1856,  p.  164-),  there 
are  three  great  mountains  in  Hawaii,  all  volcanic ;  indeed,  no 
other  rock  exists  in  the  island.  Manna  Kea  (13,950  feet), 
the  most  northerly,  is  the  highest,  and  at  present  inactive, 
though  bearing  evident  traces  of  eruption  at  no  very  remote 
period.  Hualalei,  on  the  west  coast,  was  in  eruption  a  few 
years  since.  The  third,  Mauna  Loa,  is  an  immense  dome- 
shaped  mountain,  whose  summit,  13,370  feet  above  the  sea, 
presents  a  barren  area,  perhaps  forty  miles  in  diameter,  covered 
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with  lavas  and  scoriae^  and  in  frequent  emption  from  one  point 
or  another.  (See  pp.  219-222^  stqnra). 

In  1848  an  eruption  occurred  from  the  summit  of  Mauna 
Loa :  the  lava-flood  was  thirty  miles  long.  In  1852  another 
outburst  occurred  from  the  same  point,  a  fiery  fount  of  liquid 
lava«drops  being  thrown  up  500  feet  high.  In  two  days  this 
ceased;  and  in  two  more  another  vent  opened,  fifteen  miles 
from  the  first,  on  the  side  of  the  mountain,  while  a  column  of 
fire,  scorise,  lava-filaments,  and  vapour,  1000  feet  in  diameter, 
rose  500  feet  high  in  the  air,  casting  around  an  intense  light  by 
night.  This  lasted  twenty  days.  The  noise  was  tremendous. 
The  atmosphere  was  fiUed  with  scoriae,  filaments,  fine  dust,  and 
add  vapours.  A  vast  stream  of  lava  flowed  as  before  some 
twenty-five  miles  down  the  side  of  the  mountain.  In  August 
1855  a  yet  more  fearful  eruption  burst  forth,  commencing 
with  a  brilliant  jet  of  fiery  drops  from  the  summit  of  the 
dome,  ^d  immediately  followed  by  the  emission  from  an 
opening  about  2000  feet  lower,  and  11,500  alK)ve  the  sea,  on 
the  northern  flank  of  the  mountain,  of  an  enormous  flow  of 
lava,  not  accompanied  by  any  proportionate  projection  of 
scoriae  or  other  firagmentary  matters.  TIic  lava  ran  with  great 
rapidity  into  the  valley  which  separates  Mauna  Loa  from 
Mauna  Kea,  the  main  branch  being  three  mUes  wide.  As  it 
reached  a  more  level  country,  it  spread  to  a  width  of  double 
that  space.  It  continued  to  flow  for  ten  months.  Before  it 
ceased,  it  had  reached  to  a  distance  of  seventy  miles  from  the 
source.  In  its  course  it  overwhelmed  forests,  and  accumu- 
lated on  some  points  to  a  great  thickness. 

During  the  flowing  of  this  lava-stream,  the  Rev.  Mr.  Coan 
ascended  the  mountain,  skirting  and  occasionally  crossing 
over  its  hardened  surfSEU^,  while  it  still  flowed  on  underneath, 
"  like  water  under  ice  in  a  river.^'  "  The  superficial  crust  was 
crackling,  and  emitting  mineralized  vapours  at  innumerable 
points.  Along  the  margin  numerous  trees  lay  crushed,  half- 
charred,  and  smouldering  upon  the  hardened  lava We 

passed  opening  after  opening,  through  which  we  looked  down 
upon  the  igneous  river  as  it  rushed  through  its  vitrified  duct 
at  the  rate  of  many  miles  an  hour.     It  was  incandescent,  and 
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firom  25  feet  to  100  beneath  the  siur&oe^  the  opemngs  (defts) 
in  which  were  firom  one  to  forty  fathoms  acroes.     Into  these 
we  cast  large  stones,  which,  as  soon  as  they  struck  the  surfiice 
of  the  hurrying  flood,  passed  down  the  stream  in  an  indistinct 
and  instantaneous  blaze.    We  could  also  see  subterranean 
cataracts  of  molten  rock  tumbling  down  precipices  of  25  to  60 
feet/'    On  reaching  the  summit  of  the  mountain  they  found 
no  regular  crater,  but  '^  yawning  fissures,  on  each  bank  of 
which  immense  masses  of  scorise,  lava,  pumice,  and  cinders 
were  piled  in  the  form  of  elongated  cones,  rent  longitudinally, 
their  inner  walls  being  hung  with  stalactites,  or  festooned  with 
the  filamentous   lava  called   Pele*s  hair.     These   elongated 
masses  overhanging  the  yawning  fissures  were  often  precipi- 
tated in  avalanches  into  the  gulf  below,  choking  it  up  for  a 
time.     The  lava,  which  flowed  off  by  a  lateral  subterranean 
duct  probably  1000  feet  below  the  sur&ce,  could  not  be  seen 
at  this  point.    It  first  makes  its  appearance  through  openings 
some  miles  lower  down  the  slope  of  the  mount ;  but  the  fear- 
ful rush  of  white  smoke  and  sulphureous  gases  firom  these 
summit-fissures  is  awful  and  perilous  to  the  spectator/'     The 
higher  regions  of  the  mountain  are  described  as  covered  with 
the  recent  fragmentary  ejections  firom  the  volcano,  scattered 
widely  on  every  side.    ^'  The  smoke  (clouds  of  vapour  mixed 
with  ashes)  enveloped  the  summit,  darkening  the  sun,  and 
obscuring  every  object  a  few  rods  distant.''     From  the  sur- 
face of  the  lava-current  also  ^'clouds  of  steam  rolled  up  in 
fleecy  wreaths  towards  heaven*." 

It  is  noticeable,  that  during  the  whole  of  these  violent 
eruptions,  the  great  and  permanently  active  crater  of  Kilauea, 
on  the  other  side  of  the  same  mountain,  at  a  distance  of  about 
fifteen  miles,  remained  in  its  normal  state,  showing  no  sym- 
pathy with  the  extraordinary  development  of  energy  which 
was  taking  place  in  the  axial  centre  of  the  same  volcano.  This 
remarkable  circumstance  has  been  already  noticed.  (See  p.  262, 
gypra,) 

It  is  at  a  comparatively  low  point  on  the  flank  of  Mauna 
Loa,  only  4000  feet  abqye  the  sea,  that  a  flattened  dome-shaped 

•  Joum.  Geol.  Soc.  xiii.  p.  170,  1866. 
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swdling  18  aeen^  of  a  truncated  oatliney  wfaidi  oontamB  the 
wonderfiil  crater  of  Kilanea.  Its  upper  rim  is  about  seren 
miles  loond,  and  of  an  inegnlarlT  elliptical  figure.  Within 
18  a  vast  shifting  pocd  or  lake  of  lara,  firequently  changing  its 
level,  crusted  over  more  or  less  with  consolidated  lava-rock, 
but  always  boiling  up  in  several  places.  At  times  the  level  of 
the  lava-cmst  sinks  within  this  crater,  leaving  a  terrace  or 
shelf  of  solid  rock  around  the  deep  pit  so  formed.  The  lava 
in  this  case  has  escaped  by  a  lateral  eruption  at  a  lower  level, 
through  a  fissure  rent  in  the  flank  of  the  mountain.  In  1823, 
according  to  Mr.  Ellis,  such  an  underground  tapping  lowered 
the  level  of  the  lava  in  the  central  pit  by  about  400  feet.  In 
1884  Mr.  Douglas  describes  it  as  more  than  a  thousand  feet 
below  the  '  black  ledge.'  (Roy.  Ge<^.  Soc.  Trans,  vol.  iv.)  In 
1838,  according  to  Captains  Chase  and  Parker  (Amer.  Joum. 
xL  p.  117),  the  lava  had  risen  again  up  to  the  level  of  the 
ledge,  so  as  to  obliterate  the  lower  pit.  In  1839  the  whole 
outer  crater  was  filled  to  the  brim  with  boiling  lava,  more  or 
less  crusted  over.  Suddenly  a  vent  was  opened  about  six 
miles  irom  Kilauea  on  the  lower  slope ;  the  next  day  another 
still  lower  down,  and  afterwards  several  more,  one  below  the 
other  upon  a  line  of  fissure.  From  all^  torrents  of  lava  flowed 
with  great  rapidity  a  distance  of  thirty  miles  into  the  sea, 
where  it  formed  two  or  three  islands,  killing  immense  numbers 
of  fish.  By  this  '  tapping'  process  the  original  pit-crater  was 
re-formed,  the  lava-surface  having  sunk  about  1500  feet ;  but 
by  the  year  1844  the  whole  of  this  vast  chasm  had  been  re- 
filled to  the  brim  by  the  renewed  up-welling  of  the  lava.  In 
1849,  when  raited  by  Dana,  the  surface  of  the  inner  pit  had 
sunk  again  about  350  feet  below  the  '  black  ledge/  which  itself 
was  650  feet  lower  than  the  rim  of  the  outer  clifl*-range.  Since 
that  date  the  crater  has  been  once  more  nearly  filled  up,  and 
again  emptied  by  the  last  great  eruption  of  1855. 

The  floor  of  the  pit  is  described  as  usually  presenting  a 
crust  over  a  vast  pool  of  lava,  which  is  from  time  to  time 
broken  through  by  a  fresh  up-boiling  of  the  incandescent  mass 
beneath.  It  cools  and  hardens  so  rapidly  on  exposure  that  it 
may  be  walked  upon  within  a  few  hours  after  its  coagulating. 
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Sometimes  upwards  of  fifty  small  cones  and  craters,  more  or 
less  in  activity,  i .  e.  throwing  out  scoriae  and  lava,  have  been 
counted  on  the  floor  of  this  great  pit.  They  were  from  50  to 
100  feet  high.  (Rev.  S.  Stewart.)  The  lava  has  also  been 
weea  to  flow  from  openings  in  the  perpendicular  walls  of  the 
crater  several  hundred  feet  above  the  bottom,  where  other 
lava  was  at  the  same  time  welling  up  quietly.  (See  p.  262.) 
The  lavas  that  issue  within  the  crater  are  scoriaceous  and 
cellular  on  the  surface;  those  that  escape  from  vents  low 
down  the  side  of  the  mountain  are  more  compact  and  vitreous. 
The  first  have  been  compared  to  the  frothy  surface  of  a  liquid 
in  fermentation,  the  latter  to  the  same  liquid  issuing  clear 
from  a  tap  below. 

Dana  describes  two  kinds  of  lava  in  Hawaii ;  one  smooth 
and  solid,  taking  the  surface-forms  of  concentric  cable-like 
folds,  or  rounded  hillocks  and  domes,  of  which  the  top  has 
often  fallen  into  an  oven-shaped  cavity  beneath  {homitos),  or 
of  long  subterranean  glazed  passages — all  marks  of  a  con- 
siderable viscosity  and  nearly  vitreous  frision.  (See  p.  73,supra.) 
The  other  kind  of  lava  consists  on  its  surface  of  scoriform 
masses,  piled  in  terrific  confusion;  they  are  called  clinker- 
fields,  and  look  like  *'  a  mountain  shattered  into  a  chaos  of 
ruins."  The  blocks  vary  in  bulk  from  1000  to  10,000  cubic 
feet,  and  are  of  all  shapes — cubical,  or  slab-like,  with  jagged 
angles  or  ridges,  bristling  up  in  horrible  roughness  to  heights 
of  20  or  30  feet.  The  two  kinds  are  often  associated  in  the 
same  eruptive  region.  In  mineral  character  the  lavas  of 
Hawaii  are  dark-coloured,  and  generally  augitic  and  ferru- 
ginous, containing  much  olivine  and  specular  iron.  Some 
may  properly  be  classed  as  basalt ;  but  the  greater  number 
are  considered  by  Dana  as  greystone.  In  some  parts  they  are 
highly  vitreous  and  obsidian-like,  especially  those  which, 
when  tossed  up  in  a  liquid  state,  produce  the  fine  filamentous 
scoriae  called  '  Pele's  hair.'  True  felspathic  pumice  does  not 
appear  to  occur  in  the  island.  Augite  is  probably  the  prin- 
cipal ingredient  of  all  its  lavas. 

The  other  islands  of  the  Sandwich  group   are  likewise 
exclusively  of  volcanic  origin.     They  lie,  according  to  Dana, 
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on  two  parallel  lines^  one  of  which  intersects  each  of  the  lofty 
twin  moantains  of  Hawaii  (the  largest  island)^  Mauna  Loa 
and  Manna  Eea.  The  island  of  Maru  has  one  summit  10,217 
feet  high;  Eeha,  6180;  Kani,  8000 ;  Oahu,  two  ranges  4000 
feet  high.  Mani  exhibits  two  large  craters  and  vast  fields  of 
recent-looking  refrigerated  lava.  One  of  these  craters  is  2000 
feet  deep^  of  an  irregular  forked  figure,  nine  miles  in  its  greatest 
diameter,  with  a  floor  of  lava,  on  which  rise  some  sixteen  or 
more  distinct  cinder-cones.  The  flanks  of  the  mountain  are 
deft  by  gorges  (barancos)  2000  feet  deep  and  one  or  two  miles 
wide,  opening  to  the  sea.  Eruptions  took  place  about  two 
centuries  back  firom  a  string  of  lateral  openings  marked  by  as 
many  parasitic  cones.  Oahu  shows  many  beds  of  greystone 
lavas  containing  felspar  crystals  and  olivine,  alternating  with 
massive  layers  of  conglomerate  and  tufi^,  of  which  great  part 
of  this  island  and  several  of  its  cones  are  composed :  these  have 
usually  craters,  and  are  breached  on  one  side :  the  hollows  of 
some  are  occupied  by  lakes.  Coral-reefs,  elevated  20  to  30  feet 
above  the  sea-level,  almost  surround  this  island,  whose  tufi*- 
craters  were  probably  formed  below  the  water-level  on  a  shallow 
shore,  like  those  of  Auckland  in  New  Zealand,  &c. 

There  are  **  areas  of  the  Pacific,  as  well  as  of  the  Indian 
Ocean,  occupying  many  hundred  thousand  square  miles, 
where  all  the  islands  consist  exclusively  of  coral,  generally 
in  the  form  of  Atolls  or  circular  reefs,  none  of  them  rising  to 
a  greater  height  than  may  be  accounted  for  by  the  action  of 
the  winds  and  waves  on  broken  and  triturated  coral.''  (LycU, 
Manual,  ed.  1855,  p.  789.)  These  extensive  areas  arc,  ac- 
cording to  the  ingenious  theory  of  Mr.  Darwin,  which  is  sup- 
ported by  Sir  Charles  Lyell,  with  great  plausibility  supposed 
to  have  been  for  ages  continually,  but  slowly,  subsiding  to  a 
lower  level.  Such  subsiding  districts  are  found  generally  at 
some  distance  on  one  side  of  the  great  trains  of  volcanic 
islands  we  have  been  considering ;  and  their  depression  may 
be  looked  upon  as  corresponding  to,  and  coeval  with,  the  pro- 
gressive elevation  of  the  continental  or  great  insular  areas  on 
the  opposite  side.  (See  p.  282,  and  p.  308,  Conclusion  8.) 

It  is  probable  likewise  that  there  may  be  another  con- 
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necting  cause  between  the  development  of  volcanic  action  and 
the  formation  of  coralline  reefs  on  a  lai^  scale,  in  the  abun- 
dance of  calcareous  matter  which,  as  has  been  seen  through- 
out this  work,  is  habitually  dischai^ed  by  springs  issuing 
from  volcanic  districts.  The  travertins  and  marls  of  sub- 
aerial  volcanic  areas  are  represented,  it  would  seem,  in  tropical 
climates  suited  to  the  growth  of  the  zoophytes,  by  the  coral- 
line atolls  and  fringing  ree£s  of  seas  through  which  subaqueous 
volcanos  are  plentifully  distributed.  Tn  such  seas  volcanic 
rocks  will  offer  very  frequently — ^but,  of  course,  not  exclu- 
sively— ^the  foundation  needed  for  the  work. 

In  closing  this  Catalogue  of  the  known  Volcanos  and  vol- 
canic formations  of  the  earth's  surface,  I  would  call  the  atten- 
tion of  those  of  my  readers  who  have  followed  me  through  it,  to 
the  remarkable  evidence  it  affords  of  the  general  uniformity 
and  simplicity  of  the  phenomena  of  which  they  have  been  the 
theatre — ^thus  confirming  the  view  expressed  in  the  first 
chapter  of  this  volume  (p.  4),  in  opposition  to  that  held  by 
Humboldt  as  to  their  ''  isolated,  variable,  and  obscure  *'  cha- 
racter. 

In  every  quarter  of  the  globe,  and  under  every  degree  of  lati- 
tude, we  find  the  eruptions  that  have  taken  place  characterized 
by  the  same  repeated  splitting  of  the  earth's  crust  in  fissures, 
generally  parallel,  but  occasionally  transverse,  accompanied 
by  earthquake-shocks  and  other  indications  of  the  swelling 
and  heaving  of  some  subterranean  effervescent  matter; — 
the  same  explosive  outbursts  of  steam  and  acid  vapours, 
throwing  up  liquid  drops  and  cellular  fr'agments  of  the  wholly 
or  partially  fiised  mineral  substance  which  we  call  lava, 
accompanied  by  its  expulsion  in  jets  or  streams,  which  either 
flow  and  spread  over  wide  areas — ofien  to  considerable  dis- 
tances— or  accumulate  in  bulky  masses  about  the  eruptive 
vent,  according  as  its  greater  or  less  liquidity  and  specific 
gravity  may  determine.  An  examination  of  this  mineral  mat- 
ter, when  consolidated  into  a  rock,  discloses  everywhere  the 
same  basalts,  greystones,  or  trachytes,  composed  for  the  most 
part  of  the  same  minerals,  though  in  varying  proportions^ — 
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these  varieties  sometimes  occupying  distinct  localities,  but  far 
more  generally  alternating  with  one  another, — and  showing 
everywhere  the  same  varieties  of  texture,  firom  glassy  obsidian 
(the  result  of  complete  fusion)  to  the  coarsest  crystalline  and 
granitoidal  rock.  Moreover  we  find  the  same  composition 
and  structure  on  the  large  scale  everywhere  in  volcanic  forma- 
tions,  from  the  smallest  cinder-cone  with  a  single  stream  of 
lava,  to  the  greatest  and  loftiest  mountain-masses,  such  as 
TenerifFe,  Etna,  Cotopaxi,  Ararat,  or  those  of  Kamtschatka  and 
Polynesia,  each  the  accumulated  result  of  a  long  series  of 
successive  eruptions;  the  same  general  quaquavcrsal  dip  of 
their  component  beds  of  lava  and  conglomerate  from  the  cen- 
tral heights — ^their  angles  of  inclination  just  keeping  within 
the  limits  of  those  which  would  be  naturally  assumed  by  a  talus 
composed  of  materials  partly  loose,  partly  coagulating  as  they 
flow  from  a  higher  to  a  lower  level,  partly  swept  downwards  by 
aqueous  torrents,  sometimes  distributedistill  more  widely  by 
marine  currents — circumstances  to  which  we  are  led,  by  the 
observed  phenomena  of  active  volcanos,  to  ascribe  their  pro- 
duction. Again,  we  see  everywhere  the  same  circular  or  ellip- 
tical hollows,  drilled  here  and  there  through  the  axes  of  these 
mountain  masses,  evidently  by  the  force  of  exploding  volumes 
of  steam,  but  varying  greatly  in  dimensions,  and  frequently 
formed,  concentrically,  one  within  or  by  the  side  of  the  other, 
along  the  line  of  some  fissure.  Finally,  we  remark  the  general 
parallelism  over  the  entire  surface  of  the  globe,  of  the  chief 
trains  of  volcanic  vents,  active  or  extinct,  with  the  outlines 
of  the  neighbouring  elevated  supra-marine  or  mountainous 
areas,  leading  to  the  supposition  that  the  fissures  through 
which  eruptions  find  their  way  outwardly  are  owing  to  the 
lateral  drag  occasioned  by  the  upheaval  of  some  contiguous 
superficial  portion  of  the  carth^s  crust,  overlying  a  stratum  of 
intensely-heated  and  highly  elastic  matter,  the  tension  of 
which,  through  increase  of  temperature,  has  more  or  less  over- 
come the  resistances  opposed  to  its  expansion.  In  short,  the 
diagnosis  of  a  volcano,  or  of  a  volcanic  rock,  or  volcanic 
district  in  one  part  of  the  globe  is  as  frequently  identical  with 
another  at  its  antipodes,  as  if  they  had  been  produced  side  by 
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side.    It  is  the  same,  as  is  well  known^  with  the  plutonic  gra- 
nites^ fiyenites^  gneiss,  schists,  and  the  traps  or  earlj  yolcanic 
rocks,  whose  mineral  composition,  stmctnre,  and  relations  to 
the  sedimentary  strata  among  which  they  have  been  intro- 
duced— in  a  word,  their  general  characters — are  the  same  at 
all  points  of  the  earth^s  8ar£EU».     The  sedimentary  strata  are 
fiur  less  imiform  in  mineral  nature  and  disposition,  owing  to  the 
greater  influence  on  them  of  variable  conditions  of  dunate  and 
meteoric  agencies,  as  well  as  of  metamorphism,  than  are  the 
plutonic  and  volcanic  rocks.     Nor  is  there,  I  maintain,  any 
greater  obscurity  in  the  laws  by  the  action  of  which  one  of 
these  classes  of  formations  is  produced,  than  in  those  of  the 
other"^,  if  they  are  studied  impartially,  and  without  preposses- 
sion, by  the  light  of  observation  and  inductive  reasoning. 

*  A  habit  has  grown  up  reeentlj  among  geologists  of  calling  all  Ele- 
vatoiy  action  '  volcanic'  The  word  would  convey  a  more  definite  idea 
if  it  were  confined  (as  1 4iave  confined  it  in  this  work)  to  true  eruptive 
action,  and  that  of '  Plutonic '  force  applied  to  those  upheavals  and  in- 
jections of  subterranean  heated  matter  among  dislocated  rocks,  which 
there  is  reason  to  suppose  unaccompanied  by  outward  explosions  of 
vapour  or  eruptions  of  lava.  It  is  true  that  the  boundary-line  of  the  two 
kinds  of  action  cannot  be  clearly  defined,  as  in  the  case  of  dykes,  which 
attest  both  Plutonic  upheaval  and  the  eruptive  effort — more  or  less  im- 
perfectly accomplished— K>f  volcanic  matter.  But  this  is  only  a  defect 
common  to  nearly  all  the  terms  employed  in  geology.  Limestones  gra- 
duate into  sandstones,  granite  into  gneiss,  trachyte  into  basalt,  conglo- 
merates into  lithoidal  rocks  igneous  into  aqueous  formations,  and  so  on. 
Volcanic  action  I  would  define  as  external  or  superficial  j  Plutonic,  as 
internal  or  subterranean.  But,  of  course,  there  will  be  everywhere  an  in- 
termediate debateable  district,  the  phenomena  of  which  may  have  as  good 
a  right  to  the  one  term  as  to  the  other. 
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Abich,  M.y  on  a  dyke  in  the  Val  del  Bove,  76 ;  on  Ararat,  898. 

Active  Tolcanos,  number  of,  12 ;  activity  of,  in^egular,  16. 

iEgjean  Aiehipelago,  volcanos  of,  391. 

Amca,  North,  volcanic  formations  of,  316. 

Aleutian  Isles,  volcanos  of,  455. 

Alluvial  deposits  of  volcanic  matters,  171-178. 

Alteration  of  sedimentary  strata  by  contact  with  lavas,  88,  141. 

of  lava-rocks  by  steam  and  acid  vapours,  142. 

— —  of  lavas  before  emission,  123. 

Alternate  eruption  of  lavas  of  diiferent  mineral  characters,  126. 

Altitude  of  volcanic  mountains,  169. 

Alumine.     See  SolfSeitaras. 

America,  South,  volcanic  range  of,  434-444 ;  plutonic  ranges  of,  281, 303. 

,  North,  volcanic  ranffe  of,  444-454 ;  plutonic  ranges  of,  281,  303. 

,  Central,  volcanos  oi,  444. 

Amvgdaloidal  lavas,  144,  245. 

Anoes,  volcanic  range  of,  and  sedimentary  strata,  176,  248,  277. 

•.  trachytic  domes  of,  their  probable  ori^n,  132,  135. 

Angle  of  inclination  of  lava-beds  in  volcanic  cones  on  mountains,  60, 62, 

157, 167. 
Anticlinal  ridges  and  synclinal  troughs,  288,  201. 
Apennines,  elevated  transverse  ranges  of,  280,  281. 
Aqueous  lavas,  description  of,  172. 
Ararat,  398. 

Ascension  Island,  laminated  trachytes  of,  425. 
Ashes,  volcanic,  ejected  in  vast  abundance  by  eruptions,  22,  57,  185,  195, 

204^207. 
Asia  Minor,  volcanos  of,  393. 

,  Central,  volcanos  of,  405. 

Astroni,  origin  of  its  crater  and  lava,  134,  322. 

Atlantic  OcSean,  volcanic  islands  of,  279,  405-430. 

Augitic  rocks.  111,  112.     See  Basalt. 

Auvergne,  58,  361. 

Axes  of  elevated  mountain-ranges,  282,  286 ;  of  dislocation,  48. 

Axial  upthrust  of  plutonic  rocks,  285,  291. 

Azores,  415. 

Babbage,  on  the  cause  of  changes  in  superficial  levels,  271,  274. 
Barancos,  origin  of,  164,  211. 
Biurren  Island,  199. 

Basalt,  mineral  characters  of.  111 ;  columnar  structure  of^  94-104. 
Beaumont,  M.  E.  de,  his  Upheaval  theory,  168. 

Beudant,  M.,  on  Hungarian  trachytes,  387 ;  on  the  exclusively  early  pro- 
duction of  trachytes.  128. 
Bisehoff,  Prof.,  on  the  formation  of  crystals  in  lavas,  120, 121, 122, 125, 152. 
Blisters  in  lavas,  80. 
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Bohemia,  volcanic  rocks  of,  387. 

Bombs,  volcanic,  50,  116,  410. 

Bory  de  St  Vincent,  on  Bourbon,  133,  428;  on  volcanic  mountains,  211. 

Bourbon,  volcano  of,  34,  190,  229,  428. 

Breaching  of  cinder-conee,  03,  05. 

Breccias,  volcanic.     See  Conglomerates. 

Brecciated  lavas,  140. 

British  Islands,  volcanic  outbursts  in,  279,  413. 

Bromo,  large  crater  of,  in  Java,  199,  405. 

Bubbles  of  steam  explode  from  exposed  lava,  30, 53, 55 ;  vast  size  of,  203. 

Bubble-shaped  cavities  in  lava,  79,  80. 

Calcareous  sandstone  of  recent  origin  on  surface  of  volcanic  islands,  254. 

springs  and  their  deposits,  1&. 

Calcareo- volcanic  strata,  88,  177,  242. 

California,  volcanos  of,  453. 

Canary  Islands,  418. 

Cantal.     See  FVance,  Central. 

Cape  de  Verde  Isles,  423. 

Caraccas,  earthquake  of,  432. 

Carbonic  acid  gas  exhaled  by  volcanos,  151. 

Caribbean  Isles,  volcanic  ran^  of,  257,  277,  430. 

Catalonia,  extinct  volcanos  of,  359. 

Catania.    See  Etna. 

Caucasus,  399. 

Caves  in  lava,  80. 

Cellular  lavas,  138,  245. 

Chemical  theory  of  volcanos,  308. 

Chili,  volcanos  of,  270  (note),  430. 

Cimini,  Monti,  352. 

Cinder-cones.     See  Cones. 

Cirques,  or  encircling  clifls,  their  origin,  180,  195,  200,  400. 

Clinkstone  affects  pyramidal  forms,  135,  130 ;  its  lamination,  108. 

Columnar  structure,  how  formed,  94-103. 

Conclusions,  general,  on  Telluric  phenomena,  305. 

Cone  formed  within  cone,  180. 

Cones,  parasitic,  101,  109. 

Cones  of  scorisB,  &c.,  how  formed,  57 ;  structure  of,  01. 

Conglomerates,  volcanic,  how  formed,  &c.,  174.     See  Tuffs. 

Consolidation  of  lavas,  93. 

Cooling  of  lavas,  152. 

Coral  islands  based  on  lava-rocks,  250,  479. 

Cordilleras.     See  Andes. 

Corrugations  of  strata,  288-292. 

Coseguina,  great  eruption  of,  170,  204. 

Crater-lakes,  214-223. 

Craters  of  simple  cones,  how  formed,  58. 

of  volcanic  mountains,  how  formed,  17,  184-195,  202-208. 

,  concentric,  180-192. 

,  cause  of  their  circular  form,  54,  208. 

,  their  occasionally  vast  area,  202-208,  345,  353,  40a 

of  Moon,  250. 

Crushing  action  accompanying  upheaval,  289. 

Crust  of  the  globe,  probaole  formation  of,  205  ;  matter  under] vinir  the, 

207,270,3*.  * 

Crystalline  texture  of  lavas,  1 14. 


INDEX.  485 

Ciystallization  of  lavas,  120. 

Ciystalfl  in  lavas  mostly  fonned  before  their  eruption,  llQet  seq, 

— —  in  tuffij,  their  origin,  178. 

Currents  of  laya,  their  rate  of  movement,  68, 84, 131 ;  dimensions,  82, 132. 

Cmrvature  of  dislocations  and  axial  elevations,  280. 

Cutch,  its  changes  of  level,  404. 

Dana,  Pro£,  on  Sandwich  Isles,  86 ;  on  ''  volcanos  no  safety-valves,'*  262. 

Darwin,  Mr.  C,  on  the  ribboned  trachytes  of  Ascension,  130;  on  the  specific 
gravity  of  lavas,  110, 125, 128 ;  on  South  American  volcanos,  248,  207; 
on  volcanic  islands,  200,  260 ;  on  pyramids  of  clinkstone,  137 ;  on 
gneiss,  300 ;  on  craters,  206 ;  on  coral  islands,  256, 257. 

Daubenv,  Dr.,  his  List  of  Volcanos,  311,  316,  387;  on  columnar  struc- 
ture, l02 ;  on  craters  of  elevation,  201 ;  on  submarine  eruptions,  230. 

Daubr^,  M.,  38, 124,  146,  218. 

Davy,  Sir  IL,  his  theory  of  volcanic  action  given  up  by  him,  308. 

Defl^adation  of  volcanic  islands,  209. 

Delesse,  M.,  118, 126,  130,  300. 

Denudation  of  volcanic  mountains,  212. 

,  craters  enlarged  by,  208. 

DeviUe,  M.,  14,  126,  261. 

Disposition  of  erupted  matters  fragmentarv,  55-64, 241 ;  of  lavas,  65-88, 
244  ^ 

Disruption  of  overlying  rocks  by  subterranean  intumesccnt  matter,  40,259, 
26£^271. 

Distension,  inward,  of  cones,  167 ;  of  volcanic  mountains,  167,  343. 

Divisionary  structure  of  lavas,  94,  95,  109 ;  of  tuf&,  178. 

Dolomieu,  M.,  on  the  cause  of  the  liquefaction  of  lavas,  117. 

Dolomitization  of  limestone  by  contact  with  lavas,  89,  355,  357. 

Dome,  Puy  de,  its  origin,  132. 

Domes  of  trachyte,  how  formed,  132,  135. 

Dufr^noy,  M.,  his  theory  on  the  origin  of  Monte  Nuovo,  324. 

Dykes,  how  formed,  &c.,  52,  90, 164 ;  their  prismatic  structure,  98-100 ; 
rarely  disturb  the  strata  tiiey  pierce,  166. 

Earth,  caiise  of  dislocation  of  its  crust,  302.    See  Crust  of  the  globe. 

Earthquakes,  theory  of,  163,  288,  294;  generalhr  precede  an  eruption,  6, 
163 ;  coincidence  of,  with  eruptions,  y-9,  27^  276. 

Eifel,  volcanos  of,  59,  214,  869-384. 

Ejections  of  fra^entary  matter,  21,  23,  55-64. 

Eaectricity,  frictional,  evolved  during  eruptions,  57. 

Elevation-crater  theory,  4,  158,  168,  344 

Elevations  of  land,  how  produced,  42,  272-275,  283  H  seq, 

alternate  with  subsidence,  274-276. 

in  mass  of  volcanic  rocks,  226,  249-257. 

Eluvial  torrents,  effect  of,  on  volcanic  matters,  171,  373. 

Engulfment  not  the  origin  of  craters,  206,  465. 

Eruption,  limitation  of  the  term,  282  (note). 

Eruptions,  paroxysmal,  described,  19 ;  ordinary,  159 ;  eluvial,  173 ;  gene- 
rally take  place  from  linear  fissures,  159,  2^,  276. 

Etna,  17,  156,  159, 169,  399. 

Expansion  of  subterranean  matter  by  heat,  30,  41,  54,  270-276. 

Exjplosions,  aeriform  (of  steam),  usually  characterize  an  eruption,  21,  30, 
35,40. 

Explosive  origin  of  all  craters,  54,  185-225. 

Faults,  how  formed,  50,  287,  203. 


486  INDEX. 

Felspar  the  chief  element  in  lavas  of  every  age,  110;  its  varieties,  113. 

Ferroe  IsluidBy  253,  412. 

Fissures  in  rocks  overlyinff  intumescent  subterranean  matter,  theory  of 
their  formation,  46-60,  SSSO,  272, 273 ;  up-filled  by  lava  form  dykes,  53, 
164,  250 ;  rent  through  a  volcanic  mountain,  158,  160,  162,  221,  228 : 
formed  in  lavas  by  shrinkage,  70 ;  transverse,  50,  280,  448,  456. 

Flames,  glow  of  red-hot  scoriae  mistaken  for,  18, 33. 

floods  caused  by  busBting  of  lakes  or  melting  of  snows  on  volcanic  moun- 
tains, 171-4,  40Q. 

Flttidi^  of  *Uva8  varies  greatly,  68^  131 ;  canse  of  variation  in,  130-137. 
See  Liquidity. 

Foci,  or  subterranean  reeervoiia  of  volcanic  matter,  their  probable  charac- 
ters, 46,  266,  272. 

Foliation  of  gneiss  not  stratification,  208. 

Forbes,  Mr.,  on  the  trachvtes  of  South  America,  119,  140. 

Fragmentary  ejecta  of  vokanoe,  55  et  seq.,  170,  241. 

fVance,  South  and  Central,  volcanos  o(  360-368. 

Fusion  of  lavas  generally  imperfect,  \\b  et  §eq. 

GkJapagos  Isles,  442. 

Gases,  permanent,  emanating  from  volcanos,  151. 

Geikie,  Mr.,  on  the  gneiss  of  Skye,  286. 

Gemmellaro,  Signor,  160. 

Germany,  volcanic  formations  of,  369,  385. 

Geysers  of  Iceland,  theoiy  of,  149,  411. 

Glassy  lavas,  115,  338. 

Globular  structure  of  lava,  how  formed,  104,  106. 

Gneiss,  cause  of  its  lamination,  283,  299. 

Graham  Isle,  61,  845. 

Granite,  its  probably  condition  at  great  depths,  282. 

Greystone,  aefinition  o^  110. 

Grotta  del  Cane,  325. 

Hamilton,  Mr.  W.  G.,  on  the  volcanos  of  Asia  Minor,  137, 393-395. 

Hamilton,  Sir  W.,  on  Vesuvius,  186 ;  on  the  flowing  of  lava,  69. 

Hartimg,  M.,  on  Lancerote,  422. 

Heaphy,  Mr.,  on  New  Zealand  volcanos,  215,  226^  247,  273. 

Heat,  subterranean,  its  movements  the  cause  of  volcanic  and  plntonic 

action,  41,  263,  271,  298.  *^ 

, ,  origin  of,  still  doubtful,  305,  308. 

Hecla,  407. 

Helena,  St.,  226. 

Herschel,  Sir  J.  F.  W.,  on  changes  in  superficial  levels,  274 ;  on  lunar 

volcanos,  231 ;    on  parallelism  of  volcanic  trains  with  neighbouring 

coast-lines,  276 ;  on  crumpling  of  strata,  294. 
Hindostan,  vast  lava-field  o^  4CSl. 
Hopkins,  Mr.,  on  the  condition  of  the  nucleus  of  the  globe,  264 ;  his  theory 

of  elevation  and  earthquakes,  46, 50, 290 ;  his  experiments  on  pressure 

and  high  temperature,  264. 
Homitoa  of  Jorullo,  81,  460. 
Humboldt,  M.,  4,  127,  135,  216,  276 ;  his  theoiy  of  Jorullo  disputed.  81. 

449 ;  on  the  formation  of  craters,  206  j  on  submaiiae  eruptions.  239 
Hungary,  volcanos  of,  387. 

Ice  interbedded  with  lava,  172,  434. 
Iceland,  volcanos  of,  171,  406. 
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Independence  of  proximate  vents,  261. 

India,  yolcanos  oi,  404. 

lion,  titaniferous,  in  lavas,  110,  112 ;  specular  and  magnetic,  143, 144. 

Irregular  direction  of  some  axial  elevations,  281,  287. 

Isclua,  260. 826. 

Islands,  volcanic,  often  in  part  upheaved,  251  et  seq, 

Italy,  Central  and  Northern,  volcanos  o^  860-668. 

f  Southern,  volcanoe  o^  816-682. 

Java,  volcanos  of,  &c.,  174.  464. 

Joints  in  lava-rocks,  how  tormed,  07. 

Jorullo,  Humboldt's  mistaken  view  of  its  upheaval,  81. 

JiJces,  Prof.,  on  the  volcanos  of  Java,  199,  465 :  on  subterranean  changes 

in  lavas,  125. 
Junghuhn,  M.,  on  Java,  191, 199,  229. 

Kamtschatka,  volcanos  in,  456. 
Kilauea,  its  crater,  86,  219, 476. 
Kurile  Isles,  volcanos  of^  458.    . 

Lakes  in  craters,  214-226. 

^  bursting  of,  the  origin  of,  trass,  &c.,  172  et  seq. 

Lanunation  of  trachytes,  &c.,  107,  119, 189. 

Lancerote,  168,  421. 

Lapillo,  how  formed,  57,  207. 

Lateral  or  parasitic  cones  on  a  volcanic  mountain,  58,  155,  161,  169. 

fissures  formed  on  either  side  of  an  upheaved  axis,  50. 

Lava,  its  outflow,  28,  68 ;  its  disposition,  66-98. 
— ~-  in  ebullition  during  an  eruption,  80-86. 

contains  water  or  steam,  37,  124. 

— ,  its  consolidation  and  internal  configuration,  93-109. 
J  its  crystalline  texture,  when  formed,  118-122. 


-,  its  nuneral  composition,  110,  125. 


,  its  outflow  beneath  water,  92. 

y  slow  cooling  of  its  interior,  84. 

,  subaqueous,  244. 

,  vast  volume  of,  emitted  sometimes,  82,  132,  135. 

Leucitic  lava,  112, 118  j  large  crjrstals  of,  128. 

Lightnings,  volcanic,  to  what  owing,  57. 

Limestone,  dolomitization  of,  141. 

Lindsay,  Dr.  L.,  on  Icelandic  eruptions,  213. 

Linear  arrangement  of  eruptive  vents,  161,  259,  277. 

Lipari  Isles,  their  volcanos,  &c.,  882. 

Liquidity  of  lavas  variable,  45, 181 ;  to  what  owing,  \\(S  et  seq. 

Loa,  Mount,  in  Sandwich  Isles,  its  crater,  219,  220,  474. 

Lunar  craters,  250. 

Lyell,  Sir  C,  166,  172,  192,  201,  206,  213, 339,  416. 

Madeira,  416. 

Magnesia  introduced  into  limestones  from  lava,  89,  141. 

M^et,  Mr.  R.,  on  earthquakes,  3,  295,  301. 

Masaya,  volcano  of,  33. 

Mediterranean,  line  of  volcanic  eruptions  traversing  its  length,  278,  314. 

Mephitic  exhalations,  151. 

Metamorphism,  88,  124,  140,  298. 

Mexico,  volcanos  of,  448. 
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liineral  composition  of  lava-rocks,  110,  129. 
Minorab,  new,  fonned  by  or  in  lavas,  140-144, 245. 
Mont  Dore.    See  France. 
Monte  Bolca,  357. 
Monte  Nuovo,  170,  S23. 
Moon,  craters  of,  230. 

Mountains,  volcanic,  how  built  up,  165-160,  180. 
Mountain-chains,  parallelism  of,  with  volcanic  fissures,  276. 
Moya,  how  formea,  173, 440. 
Mud-eruptions.    See  Moya. 
Mud-volcanoe^  401,  444. 

Murchison,  Sir  R.  I.,  on  the  volcanic  districts  of  Italy,  351 ;  on  the  Ural 
range,  403. 

Naples,  volcanic  district  o^  315. 

Naumann,  Prof.,  on  the  lamination  of  gneiss,  301  (note). 

New  Zealand  volcanos,  470. 

Nucleus  of  globe,  question  whether  fluid  or  solid,  264. 

Obsidian,  lia 

Ocean,  its  saline  ingredients  probably  derived  from  volcanic  submarine 

emanations,  24L 
Olivine,  large  nodules  o^  in  some  lavas,  119. 
Oscillations  of  superficial  levels,  304.    See  Elevation  and  Subsidence. 

Pacific  Ocean,  chain  of  volcanos  encircling  it,  277. 

Palma,  its  crater  and  baranco,  how  formed,  201,  212,  251. 

Papandayang,  truncation  of  its  cone  by  eruption,  465. 

Parallelism  of  coast-lines  to  volcanic  trains,  276  ei  seq. 

—  of  volcanic  fissures,  49,  260. 

Parasitic  cones,  58, 161,  169. 

Paroxysmal  eruptions,  description  of,  19-25. 

Pearlstone,  107. 

Peperino,  176,  350-352. 

Perrey,  M.,  on  earthauakes,  301. 

Peru,  volcanos  of,  439. 

Phases,  varying,  of  activity  in  a  volcano,  16. 

Phillips,  Prof.,  on  the  cause  of  changes  of  surface-levels,  275. 

Phlegrsean  fields,  volcanos  of,  179,  247,  249,  315. 

Pichmcha,  199, 442. 

Pitchstone,  113. 

Pit-craters,  how  formed^  216,  223. 

Plutonic,  its  relation  to  vdcanic  action,  2,  271,  275. 

Ponza  Isles,  their  laminated  trachytes,  139,  328. 

Prismatic  oivisionary  structure  of  lava,  94'  et  seq. 

Progression  of  plutonic  action,  296,  304. 

Puzzolana,  how  produced,  57. 

Quartz  in  lavas,  110. 
Quito^  volcanos  of^  173,  261. 

Radial  fissures  cleft  through  a  volcanic  mountain,  158, 159. 

Ramsay,  Prof^  on  the  volcanic  rocks  of  Wales,  &c.,  178,  248. 

RapiUi.     See  Lapillo. 

Rea-Sea  volcanos,  396. 

Rhine,  volcanic  district  of,  360,  385. 
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Kifts  in  Uva-currents,  how  formed,  77. 

Bocca  MonfiiUK  134, 980. 

Rocluy  volcanic.     Ske  Lava,  Tufia,  &c. 

,  upheaval  and  dislocation  of.  how  brought  about,  46  el  seq,,  271. 

Rogers,  Pro£,  on  gneiss  of  Nortn  America,  284 ;  on  foldmgs  of  strata, 

1«8,200. 
Rome,  neighbourhood  o^  360. 

St  Helena,  42a 

St  Ja^424 

Stndwicii  Ides,  volcanos  o^  474. 

Ssntorini,  200,  237,  SOI. 

Sareouj,  Puy  de,  its  orinn,  133. 

Ssidinia,  346. 

Scheerer,  M.,  on  granite,  282. 

Scori»,  how  formed,  23,  35. 

Serapisy  Temnle  of,  227,  325. 

Serpentine,  ll2. 

Shifting  of  volcanic  vents,  227,  258. 

Sicily,  its  volcanic  formations,  338. 

Siebengebirge,  384. 

Silex  held  in  solution  by  hot  water  or  steam,  117. 

Siliceous  trachytes.  111. 

Solfataras,  27, 146,  230,  320,  412. 

Samma,  its  eruptive  origin,  310. 

Spain,  volcanos  o^  358. 

Specific  gra\dty  of  lavas,  influence  o^  on  their  fluidity,  131-138. 

Spheroi&l  concretionaiy  structure  of  lavas,  106. 

Springs,  thermal  and  mmeral,  147. 

Stramboli,  31,  833. 

Subaqueous  volcanos,  235-257. 

Sublimations,  metallic,  143. 

Subsidence,  225,  273-270. 

Subterrestrial  changes,  207. 

Sugars,  uialogy  of  utvas  to,  121. 

Sulphur  in  lavas,  143  et  seq.,  412.     See  Solfiitaras. 

Sumatra,  volcanos  of,  467. 

Sumbawa,  volcanos  of,  463. 

Symonds,  Mr.,  on  the  elevation  of  the  Malvems,  281. 

Sympathv  of  nei^hbourinflr  vents,  260. 

Syria,  volcanic  districts  o^  305. 

Systems  of  volcanos,  258. 

Tabular  structure  of  lavas,  how  formed,  107. 

Tapping  of  the  lava  within  a  volcano  by  lateral  vents,  219,  222. 

Telluric  phenomena,  general  conclusions  on,  305. 

Temperature,  subterranean,  varying  upward  flow  of,  270  et  seq. 

Temple  of  Serapis,  oscillations  of  level  shown  in,  227,  325. 

Tenerifie,  197,  ^,  251,  418. 

Texture  of  lavas,  113  «^  seq. 

Thermal  springs,  147 ;  act  as  safety-valves,  148. 

Thringvalla,  its  lava-stream,  77. 

Tidal  eflect  on  subterranean  lava,  301. 

Tierra  del  Fuego,  434. 

Tomboro,  great  eruption  of,  171, 463. 

Trachyte,  definition  o^  110. 
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Trap-dykeB,  53,  90. 

Trao-rockB,  or  early  Uvaa,  their  mineral  characters,  &&,  112, 129, 253, 245; 
often  of  subaqueouB  origin,  245-247. 

Trass  of  the  Rhixie,  its  oa^^  174, 371.  

Travertin,  354. 

Truncation  of  cones,  191. 

Toff-cones,  their  ongin,  179. 

Tofis,  how  formed,  171  eC  teq.,  241,  320,  352;  varieties  o^  177,  243, 352. 

Uniformity  of  laws  of  volcanic  action,  4,  480. 

Upheaval  theoxy  as  to  volcanic  cones  and  craters.    See  £levation-crat«r 
theory. 

of  volcanic  islands,  249,  252. 

Ural,  chain  of,  403. 

Val  del  Bove,  origm  of,  211,  228^  339. 
Vapour.     See  Water. 

,  acid,  2a  141. 

Ventotiene,  island  o^  209. 

Vents,  lifting  of,  192. 

Vesicular  structure  of  lavas,  138. 

Vesuvius,  its  history,  &c,  17,  196y  315. 

Vicentine,  rocks  of,  366. 

Viscous  lavas,  72. 

Volcanic  action  related  to>  yet  distin^ruiahed  from,  plutonic,  2,  270,  482. 

islands,  how  formed,  235 ;  occasional  elevation  o^  in  mass,  249 ; 

partly  elevated,  pardv  erupted,  250-257.  , 
mountains,  how  formed,  155;  their  inward  distension,  167;  how 

truncated,  191;  changes  of  form  in,  191,  193,  227  (eee  Cones);  gutted 

or  hlown  up  hy  paroxysmal  eruptions,  264-268;  denuded  hy  aqueous 

erosion,  209,  211-213. 
Volcano,  island  of,  193,  337. 
Von  Buch,  119, 139. 
Vultur,  Mount,  329. 

Waltershausen,  von,  his  views  and  map  of  Etna,  343. 
Water  in  lavas,  37-^,  130. 

f  vapour  of,  the  motive  force  in  volcanic  action,  39-44. 

,  heated,  takes  both  quartz  and  felspar  into  solution,  117, 126. 

, ,  deposits  other  minerals,  145,  148. 

Westerwald,  the,  385. 


THK  END. 
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